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Delta-Tocotrienol Treatment and Prevention of Pancreatic Cancer CROSS

REFERENCE TO RELATED APPLICATIONS This application is a
Wne983d1onal application of co-pending U.S. Provisional AgSiEdt3A07/014912

5No. 60/805,916, filed June 27, 2006; which is fully incorporated herein by

reference and co- pending U.S. Nonprovisional Application No.

11/768,373, filed June 26, 2007. STATEMENT OF GOVERNMENT

INTEREST This invention was made with Government support

under Grant No. DAMD 17-01-1-04 awarded by the Department of

Defense, and NCI Grant No. 3R01CA098473-03S1. The 10Government

has certain rights in the invention. BACKGROUND OF THE INVENTION

The pdDettaaT o atriexiot Tatmenthand RrdoeHtionavtRanereatit@aycer

neoplasms-noninvasive clonal epithelial expansions. In a minority of

persons, these clones of cells serially acquire genetic changes that can

lead to an invasive adenocarcinoma. Pancreatic cancer, once 15
CROBEaH¥ERENTR 06! REfOrEN Westak Ahemgpithelial cells in the advanced

stage of this process are very aggressive, seemingly having an innate

capaix liyplestioetas insipibhidios =t xbpitaid atbepsamyafiertheisisnadgplication,
No. bei0sd ilerddChGIEUZELD OB GhaIEH G4 RN Ghiispaiatdd RERAT By adRWALR R co-
pendigIDA). NOGQHDBAIFRBIRIRENVNE) HirsgisraRRy TRday et Ve that the

process of pancreatic carcinogenesis be recognized and treated prior to
STATEMENNOE BemBRKRMENTLNTEREEradministration 20 of agents (drugs,

biologics, and nutrients) to slow progression of, reverse, or inhibit

carthipgeedcis Wesralaydovitk riduy¢henaisksop el ahdpirGrant/ BsiVIRA0MD 17-01-1-04
awaiciédiciallytisig Diéieantdtic en sBefbhad e ratandzig cheimsp ar o gy a0 el bagy. Ot he
Gov@reamIois|estansightyWasisvertisareatic cancer has therefore become an

issue of paramount |mportance In the last decade, significant progress

(GROLND DR i ENNRENBICIN Nition and appropriate classification of these

precursor IeS|ons Mucmous cystic neoplasms 25 (MCNSs), intraductal

pagitiarpensrsn deemeaivkasincOPMN Siteafed thandsedsigrient ad pithigliadoplasms-
nonimesiviasienéPapiift)ianopansiass tiheathiieeilynshpersons pihekeoteally distswst serially
acqUIEEERHEIRY SHANHUEARMEFNREGEERIENGRRERE adendddRNGHAUBYARFeafic cancer, once
inva&iasascanbal lﬁngrm{glsﬁtﬂ\@'%&th@%@ ShownHbakibRLsalSs 'QF‘ mféaﬁl%cess are

very SUSRU, CLARRGIAANAGANGH1alE SRR W PR U LR G S on
aﬁergmcgggyg be%%gg eS Imat?o sLO reggr L a 0% O | ancrea IS

ure. % nor ertoa viate the dismal
cancers, Five eﬁ kno wna%ene iC syndromes with Kno ARz e disma

Preg count” graapproxrma{el Webf'tth'g f&?ﬁﬁf@‘é"ﬁw mﬁcW?h8F8°F§s of pancreatic
cafc'"w%egaﬁ. oo e R eI B e GRORRSIRAIRICS Veiairation

fagenfs4FFas %ﬁg&ﬂ'ear ?ﬁ‘érmﬁré"ﬁﬁb!‘é FAW|BIRGFeRE !N 16/ CISRIR A KBt carcinogenesis
thereby iweriag e S5 deurinpinglinYAsiR CGinipally SiofifivalitHisearer d iifesstanding the
morpQkigeyi§nd foisdeayrebitrecasve drsianeocs oradicrancrdutive i dasahefefore become
an isaiees peeardocht onposaicallinstahidityedadd, | digiancahl ghosades 0l 8BsHEALHOBSthe
recogimbslaleliagisopiaty bialife:NeRr reie \RediR S BRI MIBKELRERAEYeoplasms
(MCRRYtaResYiREN Colipitas ORILANVRBRLIR “?@r&ﬁ@é}snalﬁr’s'%QnQIeQF‘BerL‘%Bﬂ%rar
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inhibitor. In later stages most preinvasive lesions also harbor mutations of

thenliie Amela LEMARI 4 AIDA RHEL RIS ML R Bignircant
clustgrﬁ\gsg %Hg@ cgrc cancer r%nsonaf Cywr}lrgég[}hese hi -nltl? 1t 2 ﬁg OrmOlileSa ObVIOcl:Jesrs are
estin. % Jefit 1o for 18(5n 2 entive a i)gents in é’nc ea kE e 8;513%‘?5 él“ré?? -
o drtg Investyal AR érrﬁsrsr B OE TR SR AR 3Bl SeRgTes W
"°Wé‘rﬁ%?§8e§&°tsrﬁﬁ9arfé&bﬁg’?ﬁ@eﬁm AT ef Stecamiige fmyhiahidhess in Fegingation of
define and demonstrate clinical benefit. Proliferation of pancreatic
cancer is regulated through aberrant oncogenic Ras signaling and its
effect on cyclin kinase inhibitors such as p27ld1. Previous studies have
demonstrated that 15 pharmacologic inhibition of one of the ras signaling
pathways, the Raf-MEK-ERK pathway, elicits pancreatic cancer cell cycle
arrest through induced expression of p27 (Cancer Res 2005;
65(11):4870-80). Tocotrienols, the chemical form of vitamin E with an

unsaturated isoprenoid side chain, are receiving attention as promising
dietarv cirinnleamente for cancer nreventinn and treatment 20Tocotriennle
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20biomarker is selected from the group consisting of K1-67, p-MARK and
p27. Accordingly, the invention includes method of treating cancer,
WQaesA82phcreatic ductal carcinoma, or a stage of pancreati®€AAER00F{p14912
administering to a subject a composition comprising a therapeutically
effective amount of a tocotrienol. In a preferred embodiment the
tocotrienol is gamma-tocotrienol and/or delta-tocotrienol, which is
administered as a 25 pharmaceutical composition. The composition of the
preferred embodiment is substantially free of alpha-tocotrienol,
beta-tocotrienol and/or tocopherols Although one of ordinary skill will
recognize methods of determining the a%%%nate dose, the composition

panciSpn SRR AN PERPRECE Ry LR (0GR PHBITRlgretpie e
melawc@tméﬁ&%éhh@a&ﬁmré?@h@& fVREEI TP EE A DI Btiah pancreatitis.
Majofitye fér padceralizodinverst hes shrraidiecnanth hd@® evidengghefeidFeneeaa|cnemosomal
instafiay HoRGHROUP 1o $iaéing térdicmatiotd-ahBRietiers BEEHRI RIT 990 %) FoiEidEesive
losiohe AN BN @ty mutatidnQh théUKatad Qe andiagnon the thaiiizsiordopbjeets abtor
s.gnaﬁQeM\éﬁﬂﬁﬂ&e@%@%%.%h%&w%ﬂ?&% &a m%ngféﬂﬁgéjﬂﬁﬁﬁieﬂ inactivation of

W ng) L@éﬁﬂh&}&%@ﬂﬁﬁﬁ@% YMH?B me@%g@lgagym&w@wm&elﬂsmns also

he &S %'@Qﬁ?n%%ﬁ %%%FB%IL%'%EQE B:Q»?Jm mvolved in
cant in &)ltlon of anc orz;%}e ind %Qs q ent growth of ceILs occh niﬁé for

trang "Ecéﬂ"treateg With e ek Bt Seoiens Ared o venicle”
chemepLeyPAI? RERSYEIR wﬁwﬁ%{caf%?ae%l'tfe'c%ﬁ%é'}vsa‘r%a 9 s YirEpgpreventive
indicafighs MYedR et ARemars tf*ea'f&if'tr?é%nﬁvi}ﬁﬂ‘aﬁy%ﬂ% %°'f8%‘&weﬁ8 les that
will dpfipginddenopdetasinisaldg MM TT at 10 24 hour intervals. Results show

a dose dependent inhibition of proliferation. The 1030 for all three

pafErETRY Earl RAnEEP i B RRESZ09 Sif) B d RS PSR Rl TR glonaina
and {5sffedt|ep (el ERaRRIMNRIRIASHT eHRRENrABHEEFBHISE RIS RAMaReated that
phartgepiogic inhilfiich dfions of dreypss wibealsio SIWIDSOt ReFMEICERN @athwels elicits
pancf8&it0 SineeT eqil atydki @G vibllop it asdacrd treqtessitine 4OIR@WiKCadesr el 2005;
65(1 O iBeoism N loddtaifatiereneatcasses se dtbyih/E WitataddindStratdt istpraals side
chaif e lesdiaNy aiaweHapandrRiig lkidan aippratitatation cdmrd GRIVdaIoAl and
reatthéE Pancreatic cancer cell lines was 20-25pM at 24 hours. HPDE 607

cells were also treated with increasing concentrations of 6-tocotrienol for

24 h@udifencls arkliFe plmihar@raRNAdMRCEN PP $e3de N GiediRopaBReipdISuch
as pm 103) etk Riiedd e hindatesrpp @&5@@(‘%@:“@ follandngs g WitBpherols
occu§ é@&@s‘iU&EﬁJ pﬁgggﬁfﬁé&%}gﬁﬁsﬁﬁ%ﬁgWom rﬂo@rﬁc%énﬁ’)s% 'QQiHr %E%(Xéllﬁrs arise
from eesg:l%%esn OY\c’m Oq(?l%%tg %R n:c:i gg}gl J b%r n e%rnoylll%rg%]gpha;ghﬁhlg %10 fgnﬁ“med
ree pancreati cancer cell lines was ﬁgg urs I—LI;’{P F hat
G T e e R e
S‘”%’%u’i@"“em's Sich ‘T?Y?%&ra%‘ﬁ'%h‘iﬂ%g’?é@%ﬁv‘éﬁr?ﬁﬂffﬁ%??o?f a common
chropandehadit 7ot Patitscdfin caintber €2l b B eyRbiERotidt Shai5yfistinguish
tocophPPE Y toselisnpisre relatively resistant to the antiproliferative 25 effects

of tocotrlenol, even at the highest concentrations. FIG. 2A is a graph

sholiy ERRRTahies1 PRl aFfudd 7 SeisDY ARasempiogp unsaturated
isopisapidreiitc enfifter TetPhbrrsitrantt doRAtiesold cistriditis2 SpRaRtas dbistringtvidual
comBetwdeisisnbth oy the effeictetier cetfizsele.phdkdependingoretlizadimbenapd position
of mpthpCsaaditthrchaltep tiveahoetisg Hid DéfeatEa)in their stridiraP 8ridiaityr &qshpherols
and $6E0IR161 R fleantetnl Al GYE I e e b i MAB BRI 2N R Résatrienols are the
grouB WP ABGFERJHERANE B5RELHES RS N BorsIAEATHRRGHEZ ARVl auMFaRinetic
tocoénmagtwénQLfi@éimrsﬂ‘fs%sL.RaeCﬁyvgmﬁma%ammmc@l{ﬁ&@l BMZI@Biity of the

mtaqga&%gﬁ :th e“al C(?.IIS (IH oor ng it un UIta%Fé‘ ?oP‘ a%rn?o%r%(lentlve
OWI

atlme en entu rp uIat|0n| | expression in al

e S I SN TR AR gﬁ'ﬁ'ﬁﬁ(—% ﬂ] ISARPRIFTS, egg hredt arﬂlon SPBeHs f1ave
is seen in HPDE 6C7 cells treated Wlth 6-tocotrienol. FIG. 2D is a
graph showing an increase in luciferase activity In MIA PaCa2-cells
treated 5Swith 6-tocotrienol. FIG. 2E is a graph and associated blots
showing siRNAp27 rescues tocotrienol inhibition of pancreatic cancer cell
growth. FIG. 2F is a pair of graphs showing that SSRNAp27 rescues
tocotrienol induced G1-S cell cycle arrest in pancreatic cancer cells.

10FIG. 3A is a blot series showing selective inhibition by 6-tocotrienol of
the downetream nboenhorviated taraete of oncoadenic Rac n-cRaf n-MFK

arbor m
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FIG. 9B shows MIA PaCa-2 cells treated with 6-tocotrienol had no
significant effect on mitochondrial pro-apoptotic proteins as shown by a
W89 B¢tdchrome C release or cleavage of Caspase 9. PE/U53007/014912
shows selective caspase 8 and 3 cleavage in several pancreatic cancer
cell lines but not in HPDE-6C7 cells, an immortalized pancreatic ductal
epithelial cell line. Caspase 9 was not cleaved in the pancreatic cancer
cells. FIG. 10 shows a time-dependent decrease in phospho-AKT
(but not total AKT) in the 5pancreatic cancer cell lines, but not in the
HPDE cells. FIG. 11A is a graph wherein MIA PaCa-2 cells (pZWL
vector and mxrAKT) were treated without_serum,v§hiclfethor 6-tocotrienol ds
clearly, BRI 9819 AR JOPSRTR SRRRRRHEL 4 SHREP Rl gL E B ARG o
in thejfaptEMALPioactivke witheregranse e ARt "t SE8TdehESrmper of
meth@shibsiiteiengentitagiientanp! fireds peseriates WBdNSItasNa TR RAHPREPSN
blue. The graph shows a significant 10 increase in apoptotic cells in
vehicle, myr-AKT, or caspase 8/3 inhibitor treated
cells. FIG. 11B Is a graph wherein MIA PaCa-2 cells (pZWL vector
and"RFARPS ‘i’ﬁ@?@t‘tl’ggt@%ﬁ'ﬂ% Rl Setum Venic e‘ﬁo%eé?fggbgs é\%le&dﬁﬁz of 2
chergihorReytie QIRNtRLARISTIIABEL ') AREFRDRLE B3 IRifsES cuTogate sndpoint
biomsriar suemene2C el /arrh e Regd M EnreRtiamizbueiRd G amayt
the feheTothetaneitiT roentablsintolnated sighficatiei earibsiTrayiiptagent elidsirpeen
adminetéardc e ngarelddeel ehisiesumygafekeniderin dipraarked 8 faktvibiand trempraged to the
first GplStreatment] GevkRAMd| AaRaia denagiatsditic udennitewetatescaffentveness
wheRVRE/ 3R6RH hekixEatEAOE GHiow th MiCR A sEdl B Al atbudiiBajt BRRIIEMDEBEree
overtieYRNiClEMaR EHOPEIRRANIGOMA/kg/day) via gavage five times per
week. Results demonstrate significant inhibition of pancreatic tumor
growthhéflin snissdirematemheVttertitaGhtirBok metholf b6 ddtdftining the effectiveness
of al W&Q&g@&@%ml SRS %@%ﬁﬁ@tﬁstﬁst%&w&%lﬂsﬂu%ﬂa level of a
seco%@oéapo%&égn%%% %§QMeI% %%9' Q%/@J@nﬁ’ﬁﬁ'&e ﬁﬁgldﬂpé%kg-motherapeutic
age%%ggégnédmin'sterg,%' sla%'g\nlcg avS [ I—Q.; Qxlﬁ}gr %9?}«9@%”@5\9& Eﬂ% %%%%?ed to
Of BoTOCOtIENO| suppression 'I%l%AoK signalin a,tgr mfs%ctlon of .
the m'izf-#aiséffa;sﬁﬁ%?eé%é'cm!’é’f csumﬁ?{-p?\xm retfoviral YECIOr o5 Peute sgent
demeRRAGTRFIISRATRNRERIYe secong (postipatuent) javgl i RK pnd/er P-MAPK is
decigaspsiterp elnfstigalin sisatieai gasres baleydns Paz e RiBt PRI RO SRR ERLRYA!S:
PI3K-AKT signaling after infection of Mia-PaCa2 pancreatic cancer cells
wit RIS SPRRPETRER FE YD IMFRISAING S R BS AR ST ARaening for parepatic ducta
carcims of Sefteeeotl Hensrenis/FRtFIhin 2 aHbiemd QutARRBIR R SR PN isclated
sampigthtineyeMibBbicraalie? pamebeaie: cihrclerdaishaRippaeL isdhes\manpared to a
corresEiadiraNEmttin devel/in Sy atedré Kohtrel SrmbBS (s argefapiedbohddigient the control
samiPed\ K& /JinalpbBrastindalensito met yave-teerl deisriacgr agthics haweingncreatic ductal
carcibrkd Pl aneh gkt Ereasti Badegsitometry. FIG. 13F is a graph showing
%FLIP(short 28kda)/B-actin densitometry. FIG. 13G are saturated
lumime seeiminatioe 8f af statisticalie sighichbsimigridctawasoticeoblinhitetsiomarker
in HRAHIBEKHE NS REN B ARLAS EiMAFRSTR IhSNEMIBDLBNAIED s GhMEI G0 She lack of
panddhd RiGeRlr IGrchdkidS Hap &éﬁ@miﬂsﬁé@aiefénmrimﬁ@m&tby Meldefically
signwgégm&@%'in the Fel%&%&f’?h%ag r&lﬂr&&!‘&\f\%%% {ﬁécﬂ%@ Ap@ﬁmﬁarker in the
con(t%(ﬁ%@%s‘éﬁg@f?ésyt%gIclgéesn(c):e'\gp p'é rg ticlguc a clé&Tn?%)rha, or E L%g%%‘; ancreatic

suU

saturated p uminescent Images of the accumulation of tocotfienol in
w"ﬁ%'ﬂ&eﬁg Bftas. 10FIG. 13K is a chromatogram comparing blank plasma

VeSS S%'li}(ged plasmaithd ltealgx)/g%rt]%ngéc%ﬁ‘? ol gr'?é;?ﬂgﬂﬁ]%-m and/or p-

extr.ac?l%n. .f&a. 93Msa graJo showin ltlssu? evc;ls O - o-MAPK in one or more
MARI(S- st mingrhppd Sompare tf4$\°|%"5°g 125h ISR AR isVeEde

proliferation rate as the degree of invasion arid grade of tumor is

increased. This is indicated by a progressive increase in the mean

percentage of 15cells staining positive for 1<1-67. FIG. 14Bis a

graph showing a progressive decrease in the number of apoptotic cells

stained with TUNEL, negatively correlating with the degree of tumor

invasion. FIG. 15 is a series of representative slides of

non-neoplastic pancreatic ductal tissue, reactive tissue precursor lesions

(PanIN 1-3), and low and high grade invasive carcinomas. Each 20
reanrecantative area waec <tained with Hematovvfin and Focin and for



10

15

20

25

30

6-Tocotrienol was also shown to selectively inhibits downstream effectors
of oncogenic 20 Ras signaling. More than 80% of pancreatic cancers
WQgeip¢ate abnormal oncogenic Ras signaling. The Ras effBEfHUS2007/014912

pathways Raf-MEK-ERK and PI3 kinase-AKT are important for cell

proliferation and survival, respectively. Data indicates that 6-tocotrienol

has an inhibitory effect on oncogenic Ras signaling. Pancreatic cancer cell

lines (MIA PaCa2, SW1990, BXPC3) and HPDE 6C7 cells were 25

treated with 5-tocotrienol (20pM) and cell lysates were collected and

prepared at progressive time intervals as described above. Proteins from

lysates were run by SDS PAGE and immunoblotted with the followin )
conted), ARBPHRSs ARELRISHCE Y HQREPSS SRR RIS RAYE DERRE 2095 AR
the subject aCdNSieAMTh§IBRielD- Rﬁ%%ﬁﬁr@ﬂﬁ!@ﬁ%i“ﬁﬁ FAfERESs: efcs stge of
pangkalivsanekrdtivesinkisidor biptBtiertiy rienisieof ehailzfinindheelgie! of Ki-67 and/or p-
MARph B atate detangatsi a6 dnc ogemicsRaggist RanqiciEke ahel pci3obERkcreatic
ducthl RaRindafa foealitagesepippistainicta dbran Meibitgeyt effects of 6-tocotrienol.

MIA PaCa2 and SW1990 cells were then treated with 6-tocotrienol (20pM)

for Rétiamd dBibteuniin@dhid jsaiad theebomarkéryrSIRSURA Bnd gdntrol sample(s) are
know 8 tieodioited faicmidkérT anchd knbidiek Bignatirganipl& t13Betendihsthitdsrker
is detSIRHERIMInG- AK Briki@indee | Sinas Lt tbitkidricdr 24 miedsath e Udentaining the
biomeriE? s [QBRIRes ViR dhibiiay AhAQWRRIKRATWRIIR GIRIP KM B0RB BidRRkKer to
the ﬂW&?M@séﬂQ@Uﬂ%@&@QMﬂ tﬁg@&; &@mpmtem levels may

indicate a negative regulatory role of 6-tocotrienol on the function of

oncageRiemas InsadabiiurdediayebesmoRERIe i perafants i Toanitenahetnods.
For BXAHERS AP RRINTER A RHLE S RLGrR GRRCR MM  AGRiGRIS s ERART which
b.na"‘é'&'ﬂa&f&hsrﬁ IQ&%FH%%OLPO YGIGISE" é”bé]%&sb&ﬁéﬁé%erﬁaﬁ% GiRE7 2% vor p-

ained with Annexin V IT an nal e ylometr :
a?os@ FIG. 4A's ﬁre sad 0se ge gﬁdent in u\{\étfo S‘E}I%Yrs{e;‘\'/‘éeréw:‘:z
ec

co Wfﬂ%ﬁ&%@'ﬁeﬁff%g@a’%tﬁ §°W88ﬁ?8n5la'5°t Eﬁ?féjn% S
biorrAEkSE SRPSHD BHRRESINhATR At BiRREieESREiR R RE 59T LA RIS gouble
stragiyp N4 \pemerEaiiaIYAieh 3 atfige JlBoRsBUTEFbI AR AWRY fErMABIS4 and p27.
Altetratively Glsl investierhiasindsteal camg osition sdnfonsTrd | Blrief AR alad mesteins which
bindsighidttalyt tetaiaipgtehitddirRa e A Cielst tiveatathvei thidntocotieheldioreach unique
bionfd:diEid seRAEAOmM g big) eonkibtaiekiFt? | P AK 6all27T his finding
suggests selective induction of apoptosis in pancreatic cancer cells. Next,
cellAysathiuchre prepéicednioned\indiied CtPeetits draede dwwitad facaeatndictal
cardid6taid\] ot Pragyessiveaitieatintaiarmis, asyd esanbedisd avea Rubjeihsaframposition
conpFeME S MR FbLieySERSIRA G caRt dmimeddeRiaite dn Eoptdpieinankeameht the
toccRRABIONS - dalfin4tQ SiRue) aGhivRHORAL RIB.ERABAS G RaT CAle RAmAIMERICEs: o
phamasL%ayﬁgsraJ&aapaﬁ%%oﬁmeﬁ%ﬁhépgfﬁmAa@o&&m&@@eﬁmmny free of

alpha— orég?t?iren!arl]t% a- Irég Xéno P/aqu (iwellsl tr%;‘ed Wltme g’ G t”en& ha‘ﬂ recognize
ificant effect on m| tochond I’Ia I’O aepO tot IC BI’O elns as S y a

me‘ra?cﬁ 8t EVIENPOE T TRREHEE S Cicavags OrEaSpast @eﬁi’ﬁen eréttﬁ"mp"ses

betyRELakaY éogﬁtﬂﬁ'fﬂéPﬂ’?Eﬂ}BﬂBtHe&P'd'ﬁBﬁ&ﬁ§’W'%ef83MfF§ﬁ’8f'Yn pancreatic
canger c cells o o?u¥§r,20th{oue%h agtlgI tlonlof the extr&nsm apoptotic

men
athwa TR COtHoRol S0 suppresses pancreafl IC ‘cancer growth in
Vivo. Treathent of pancreatic cancer cell lines resulted in induction of

apoptosis in vitro and in vivo. The apoptotlc effect of delta- tocotrlenol was
selective f6°neet
ductal epithelig ] iti [ .125 Treatment
of pancreatic C 3 ' ' th&Caspase
cascade of the extrinsic pathway of apoptosis induction as evidenced by
cleavage of Caspase 8 and Caspaseg 3 but not caspase 9. Further
evidence of the lack of mitochondrial mediated apoptosis in
deltatocotrienol induced apoptosis of pancreatic cancer cells was
demonstrated by the lack of cytochrome C release and the absence’ of
delta-tocotrienol modulation of mitochondrial associated 30proteins such
as Bcl-2 and Bad. Stable transfectants of MIA PaCaz2 cells with
luciferase were injected subcutaneously into nude mice. Tumor volumes

were measured every 2 days with calibers and the rate of growth was
Aetermined weelklvvy hyy meaciirina tiimor hminececence 1icina the IVISK 100
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0.151 0.164 0.138 0.149 101 0.168 0.183 0.175 0.148 0.195 0.176 0.206

0.1720.178 121 0.164 0.168 0.167 0.123 0,138 0.143 0.126 0.134 0.145
W@200810826@1161 0.163 0.143 0.15 0,158 0.159 0.151 0.157 107(F/A53007/014912

0.149 0.157 0.126 0.147 0.135 0.13 0.142 0.143 97 0.188 0.183 0.189

0.166 0.183 0.181

wherein R is selected from the group consisting of H and CH,.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the nature and objects of the invention, reference should be
made to the following detailed description, taken in connection with the accompanying drawings, in
which:

FIG. 1A is an image of MIA PaCa2 cells in soft agar; significant inhibition of anchorage
independent growth of cells occurred when treated with weekly 5-tocotrienol compared to vehicle.

FIG. 1B is a graph wherein MIA PaCa2 pancreatic cancer cells (3x1 0% were plated in 96
well plates and treated the following day with S-tocotrienol. Proliferation was assessed by MTT at
24 hour intervals. Results show a dose dependent inhibition of proliferation. The ICx; for all three
pancreatic cancer cell lines was 20-25uM at 24 hours. HPDE 6C7 cells were also treated with
increasing concentrations of 8-tocotrienol for 24 hours.

FIG. 1C is a graph wherein SW1990 pancreatic cancer cells (3x1 0% were piated in 96 well
plates and treated the following day with &-tocotrienol. Proliferation was assessed by MTT at 24
hour intervals. Resuits show a dose dependent inhibition of proliferation. The ICgy for all three
pancreatic cancer cell lines was 20-25uM at 24 hours. HPDE 6C7 cells were also treated with
increasing concentrations of 6-tocotrienol for 24 hours.

FIG. 1D is a graph wherein BXPC3 pancreatic cancer cells {(3x1 0% were plated in 96 well
plates and treated the foilowing day with &-tocotrienol. Proliferation was assessed by MTT at 24
hour intervals. Results show a dose dependent inhibition of proliferation. The ICs; for all three
pancreatic cancer cell lines was 20-25uM at 24 hours. HPDE 6C7 cells were also treated with
increasing concentrations of 5-tocotrienot for 24 hours.

FIG. 1E is a graph showing selective inhibition of proliferation of pancreatic cancer cell
lines by 8-tocotrienol at 24 hours. HPDE 6C7 cells were relatively resistant to the antiproliferative
effects of tocotrienol, even at the highest concentrations.

FIG. 2A is a graph showing significant G1 cell cycle arrest in HPDE 6C7 and SW1990
pancreatic cancer cell lines treated with S-tocotrienol (25pM). In contrast, 5-tocotrienol had no
effect on cell cycle phase in immortalized human pancreatic ductal epithelial cells (HPDE 6C7).

FIG. 2B is a graph showing signiﬁéant G1 cell cycle arrest in MaPaCa2 and BXPC3
pancreatic cancer cell lines treated with S-tocotrienol (20uM). In contrast, &-tocotrienol had no
effect on cell cycle phase in immortalized human pancreatic ductal epithelial cells (HPDE 6C7).
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FIG. 2C is a series of blots showing a time dependent upregulation in p27**

expression in
all four pancreatic cancer cell lines. In contrast, a downregulation of p27klm is seen in HPDE 6C7

cells treated with 5-tocotrienol.

FIG. 2D is a graph showing an increase in luciferase activity in MIA PaCa2 cells treated
5  with 5-tocotrienol.

FIG. 2E is a graph and associated blots showing siRNAp27 rescues tacotrienol inhibition
of pancreatic cancer cell growth.

FIG. 2F is a pair of graphs showing that siRNAp27 rescues tocotrienol induced G1-S cell
cycle arrest in pancreatic cancer cells.

10 FIG. 3A is a blot series showing selective inhibition by &-tocotrieno! of the downstream
phosphorylated targets of oncogenic Ras p-cRaf, p-MEK, and p-ERK. HPDE 6C7 cells were
resistant to the inhibitory effects of 5-tocotrienol.

FIG. 3B is a blot series showing MIA PaCa2 and SW1990 cells treated with &-tocotrienol

(20uM) for 24 and 48 hours. Cell lysates were run by SDS-PAGE and immunoblotted for p-AKT

15  and AKT (Cell Signaling). The blots show a decrease in p-AKT protein levels, but not AKT at 24
and 48 hours.

FIG. 4A is a graph showing activation of the caspase cascade as evidenced by cleavage
of Caspase 8, Caspase 3, and Parp in a time dependent manner.

FIG. 4B is a series of images showing activation of the caspase cascade as evidenced by
20 cleavage of Caspase 8, Caspase 3, and Parp in a time dependent manner.

FIG. 4C is a series of blots showing activation of the caspase cascade as evidenced by
cleavage of Caspase 8, Caspase 3, and Parp in a time dependent manner.

FIG. 4D is a series of blots showing activation of the caspase cascade as evidenced by
cleavage of Caspase 8, Caspase 3, and Parp in a time dependent manner.

25 FIG. 5A shows representative luminescent measurements of control and &-tocotrienol
groups prior to treatment and at day 10. Rate of growth by day 10 of treatment is less in the
tocotrienol treatment group. Stable transfectants of MIA PaCa2 cells with luciferase were injected
subcutaneously into nude mice. Tumor volumes were measured every 2 days with calibers and
the rate of growth was determined weekly by measuring tumor luminescence using the IVIS 100

30 Xenogen system. Tumors of similar volume (100-150mm®) and rate of growth based on
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luminescence were randomized to receive either vehicle or &-tocotrienol (100mg/kg/day) by
gavage for 20 days.

FIG. 5B is a graph showing significant reduction in tumor growth by 50% in xenografts
treated with 5-tocotrienol compared to vehicle.

FIG. 5C is a series of immunohistochemical stains of the effects of d-tocotrienol on
oncogenic Ras signaling targets. Inhibition of proliferation is evidenced by a decrease in Ki67 and
induction of apoptosis by TUNEL in tumors from mice treated with d-tocotrienol as compared to
tumors from the control group.

FIG. 6 is a graph of the MTS analysis of SW1990 pancreatic cancer cells (Panc-1), 24 and
48 hours, shown in Tables I-ll.

FIG. 7 is a graph of the MTS analysis of MiaPaCa2 pancreatic cancer cells, 24 and 48
hours, shown in Tables 1V-V.

FIG. 8A is a series of images showing a significant increase in apoptotic ceils in
MIAPaCa2 treated with 6-tocotrienol compared to vehicle or treated HPDE 6C7 cells.

FIG. 8B is a graph wherein MIA PaCa-2 pancreatic cancer cells were treated with in
varying concentrations of S-tocotrienol or vehicle for 24 hours. Cells were collected and stained
with Annexin V-FITC and analyzed by flow cytometry for apoptosis.

FiG. 8C is a graph wherein BXPC3 pancreatic cancer cells were treated with in varying
concentrations of 3-tocotrienol or vehicle for 24 hours. Cells were collected and stained with
Annexin V-FITC and analyzed by flow cytometry for apoptosis.

FIG. 8D is a graph wherein SW1990 pancreatic cancer cells were treated with in varying
concentrations of S-tocotrienol or vehicle for 24 hours. Cells were collected and stained with
Annexin V-FITC and analyzed by flow cytometry for apoptosis.

FIG. 9A shows activation of the caspase cascade as evidenced by cleavage of Caspase 8,
Caspase 3, and PARP in a time dependent manner.

FIG. 9B shows MIA PaCa-2 cells treated with B-tocotrienol had no significant effect on
mitochondrial pro-apoptotic proteins as shown by a lack of cytochrome C release or cleavage of
Caspase 9.
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FIG. 9C shows selective caspase 8 and 3 cleavage in several pancreatic cancer cell lines
but not in HPDE-6C7 cells, an immortalized pancreatic ductal epithelial cell line. Caspase 9 was
not cleaved in the pancreatic cancer cells.

FIG. 10 shows a time-dependent decrease in phospho-AKT (but not total AKT) in the
pancreatic cancer cell lines, but not in the HPDE cells.

FIG. 11A is a graph wherein MIA PaCa-2 cells (pZWL vector and myrAKT) were treated

without serum vehicle or S-tocotrienol (50pM) for 24 hours, with and without a 10-hour caspase

8/3 inhibitor pretreatment. Cells were also treated with TRAIL as a positive control. Cells were then
harvested, fixed, permeablized and stained with trypan blue. The graph shows a significant

increase in apoptotic cells in vector compared to vehicle, myr-AKT, or caspase 8/3 inhibitor treated
cells.

FIG. 11B is a graph wherein MIA PaCa-2 cells (pZWL vector and myrAKT) were treated
without serum vehicle or &-tocotrienol (40uM) for 24 hours, with and without a 10-hour caspase
8/3 inhibitor pretreatment. Cells were then harvested, fixed, permeablized and stained for Tunel.
The graph shows a significant increase in apoptotic cells in vector compared to vehicle, myr-AKT,
or caspase 8/3 inhibitor treated cells.

FIG. 12A MIA PaCa2 xenografts in nude mice were measured every second day for tumor
growth. Mice were treated with either rice bran oil (vehicle) or 5-tocotrienol (100mg/kg/day) via
gavage five times per week. Results demonstrate significant inhibition of pancreatic tumor growth
in mice treated with 5-tocotrienol.

FIG. 12B Immunchistochemical staining demonstrates &-tocotrienol induced apoptosis as
measured by TUNEL staining, and decreased p-AKT expression.

FIG. 13A is a series of blots demonstrating the rescue of 8-Tocotrienol suppression PI3K-
AKT signaling after infection of Mia-PaCa2 pancreatic cancer cells with pWZL retroviral vector
encoding myristoylated AKT.

FIG. 13B is a graph of pAKT densitometry, demonstrating the rescue of 3-Tocotrienol
suppression PI3K-AKT signaling after infection of Mia-PaCaz2 pancreatic cancer cells with pWZL
retroviral vector encoding myristoylated AKT,

FIG. 13C is a series of blots showing that delta-tocotrienol modulates AKT signaling. Mia-
PaCa2 pancreatic cancer cells with pWZL retroviral vector encoding myristoylated AKT.

FIG. 13D is a graph showing (p-AKT/Total)/B-actin densitometry.
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FIG. 13E is a graph showing %FLIP(long 55kda)/B-actin densitometry.
FI1G. 13F is a graph showing %FLiP(short 28kda)/B-actin densitometry.

FIG. 13G are saturated luminescent images of in vivo results showing delta-tocotrienol
inhibits pancreatic cancer metastasis. Images show comparison of vehicle vs. 100MPK

FIG. 13H is graph quantification of tumor metastasis by mouse weight group.

FIG. 131 is a graph showing the relative intensity (p/s)/time for PBS, vehicle, 50 MPK (T3),
100MPK(T 3).

FIG. 13J saturated photoluminescent images of the accumulation of tocotrienol in mouse
pancreas.

FIG. 13K is a chromatogram comparing blank plasma versus spiked plasma with delta
tocotrienol after precipitation and extraction.FIG.

13L is a graph showing tissue levels of delta-tocotrienol.FIG.

14A is a graph showing an increase in profiferation rate as the degree of invasion and
grade of tumor is increased. This is indicated by a progressive increase in the mean percentage of
cells staining positive for Ki-67.

FIG. 14B is a graph showing a progressive decrease in the number of apoptotic cells
stained with TUNEL, negatively correlating with the degree of tumor invasion.

FIG. 15 is a series of representative slides of non-neoplastic pancreatic ductal tissue,
reactive tissue, precursor lesions (PanIN 1-3), and low and high grade invasive carcinomas. Each
representative area was stained with Hematoxylin and Eosin, and for Ki-67, p27, p-MAPK, and
TUNEL. Results show an increase in Ki-67 and p-MAPK staining as pancreatic ducts progress
from nonneoplastic to PaniN to invasive carcinoma. The greatest degree of staining is in high
grade tumors. In contrast p27 and TUNEL staining decrease with tumor invasiveness and
progression. Indicating a loss of cell cycle inhibition and induction of apoptosis.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

in the following detailed description of the preferred embodiments, reference is made to
the accompanying drawings, which form a part hereof, and within which are shown by way of
illustration specific embodiments by which the invention may be practiced. It is to be understood
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that other embodiments may be utilized and structural changes may be made without departing
from the scope of the invention.

3-Tocotrienol inhibits pancreatic cancer cells in vitro.

In one embodiment, the invention includes a method whereby &-tocotrienol inhibits
pancreatic tumor growth, blocks malignant transformation, and induces apoptosis in vitro. Here,
the inventors show the antitumorigenic properties of 5-tocotrienol /n vitro. Human pancreatic ductal
carcinoma cell lines (MIA PaCa2, SW1990, BXPC3) from American type tissue culture (ATTC,
Rockville, MD) were acquired, grown at 70% confluency per protocol, and treated with -
tocotrienol. Immortalized human pancreatic ductal epithelial cells, HPDE 6C7, were treated under
identical conditions to investigate ﬁ-tocotrienoi's selective effects on pancreatic cancer cells.
Resuits show that 5-tocotrienol selectively inhibits transformation and proliferation.

MIA PaCa2, SW1990, BXPC3, and HPDE 6C7 cells were treated with increasing
concentrations of &-tocotrienol. FIG. 1A shows significant inhibition of anchorage independent
growth of MIA PaCa2 cells in soft agar when treated with weekly &-tocotrienol compared to
vehicle. HPDE 6C7 cells grown in recommended media alone did not undergo transformation in
soft agar, as would be expected in this preneoplastic cell line, and served as our negative control.

Pancreatic cancer cells (3x10°) were plated in 96 well plates and treated the following day
with &-tocotrienol. Proliferation was assessed by MTT at 24 hour intervais. Results show a dose
dependent inhibition of proliferation (FIGS. 1B-1D). The ICy, for all three pancreatic cancer cell
lines was 20-25uM at 24 hours. HPDE 6C7 cells were also treated with increasing concentrations
of b-tocotrienol for 24 hours. FIG. 1E shows selective inhibition of proliferation of pancreatic
cancer cell lines by 3-tocotrienol at 24 hours. HPDE 6C7 cells were relatively resistant to the
antiproliferative effects of tocotrienol, even at the highest concentrations.

The observed antiproliferative effect of B-tocotrienol on pancreatic cancer cells likely
occurs through cell cycle regulation. Results also show that B-tocotrienol causes selective G1 cell
cycle arrest and is associated with upregulation of the cyclin kinase inhibitor p27"°', MIA PaCa2,
SW 1990, BXPC3 and HPDE 6C7 celis were ifreated with either 5-tocotrienol 20uM or vehicle for
24 hours. Cells were harvested, washed twice in PBS, and fixed in ethanol overnight. Pellets
were washed the following day in PBS, stained with propidium iodide, and analyzed by flow
cytometry for cell cycle phase.

FIGS. 2A and 2B show significant G1 cell cycle arrest in all three pancreatic cancer cell
lines treated with S-tocotrienol. In contrast, 5-tocotrienol had no effect on cell cycle phase in
immortalized human pancreatic ductal epithelial cells (HPDE 6C7). Important regulators of the G1
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WQ N3 tultured in complete DMEM media containing 109P et 80T 4912
serum (FBS) and 1% penicillin-streptomycin, and 1% L-glutamine. BxPc-3
pancreatic cancer cells 5 were cultured In complete RPM media
containing 10% fetal bovine serum (PBS), and 1% penicillin-streptomycin,
1% HEPES buffer. 1% sodium pyruvate and 1% L-glutamine. HPDE6-C7
cells were cultured in serum-free keratinocyte SFM media. All cells were
maintained at 37C in a humidified incubator with 5% CO2. Tables IV (24
hours), V (48 hours nd V] (72 h show the assqociated results. The
cell ?@'%8 eh A TRTRBR A d’ﬁegnas P&'Etr%rﬁ s"ycot(r?qpnsf?r% RO
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13 gamma (gamma tocotrienol), 13 delta (delta tocotrlen%I) T a‘P :
“gllpg‘?ﬁ BEEIE JAPEIN b SrPPRERTIh B EFER S Wil BlHied Jrels! CifgYsysion ©
P27 CGTRGTARG 1 EPAHANSH Ve faatedritnstagotreretaPniR RN HeRTEctas &t BFagsRsTve
time dRIvAl. aYdairecoliiprates WeeeNIeR Aogngellweeth ashesvwisrittPEEtRRA i§ed In
M-PER|(Mamradiict Prefehe EaindstiihreReageay Siotehceplicatos) Wirlded dry shearated by
sDsausEgm O iieiestet vialu2 ft D B ahamys) 1 F0E. Eacihaetlsmime dependent
uprefRRERRERISIreplicaiasidnlGn dillwsiaiemdhatesuisefosdinairdd. howr edittast, a

dowAHEARHEURERT FARIder W IS S e 4 ith 8- atidrer6 0.223 0.216
0.239 0.204 0.226 0.219 0.222 100 0.266 0.238 0.225 0.192 0.183 0.2

0-1ﬁ%oﬂ&ﬂﬁi%lb95which &-tocotrienol upregulates p27""’1 protein expression was
investigated using a luciferase reporter assay. Mia PaCa2 cells transfected with a p27"i'“
luciferase reporter (a gift from Dr. Pledger, Moffitt Cancer Center, Tampa) were treated with either
S-tocotrienol (20puM) or vehicle for 24 hours. Luciferase activity was then measured using a
luminometer. FI!G. 2D shows an increase in luciferase activity in MIA PaCa2 cells treated with &-
tocotrienol. This suggests that 5-tocotrienol increases p27*°' protein expression through
transcriptional upregulation. This dynamic is further demonstrated by the rescue of tocotrienol
inhibition of MiaPaCa-2 cells by siRNAp27 (FIG. 2E).

8-Tocotrienol was also shown to selectively inhibits downstream effectors of oncogenic
Ras signaling. More than 80% of pancreatic cancers demonstrate abnormal oncogenic Ras
signaling. The Ras effector pathways Raf-MEK-ERK and PI3 kinase-AKT are important for cell
proliferation and survival, respectively. Data indicates that 8-tocotrienol has an inhibitory effect on
oncogenic Ras signaling.

Pancreatic cancer cell lines (MIA PaCa2, SW1990, BXPC3) and HPDE 6C7 cells were
treated with S-tocotrienol (20uM) and cell lysates were collected and prepared at progressive time
intervals as described above. Proteins from lysates were run by SDS PAGE and immunobiotted
with the following antibodies: Ras, p-cRaf (ser 338), p-MEK1/2, MEK1/2, pERK 44/42, ERK 44/42
(Cell Signaling) and c-Raf (BD Transduction Laboratories). FIG. 3A shows selective inhibition by
S-tocotrienol of the downstream phosphorylated targets of oncogenic Ras p-cRaf, p-MEK, and p-
ERK.

HPDE 6C7 cells were resistant to the inhibitory effects of &-tocotrienol. MIA PaCa2 and
SW1990 cells were then treated with &-tocotrienol (20uM) for 24 and 48 hours. Cell lysates were
run by SDS-PAGE and immunoblotted for p-AKT and AKT (Cell Signaling). FIG. 3B demonstrates
a decrease in p-AKT protein levels, but not AKT at 24 and 48 hours. Taken together, the inhibition
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of downstream effectors of oncogenic Ras signaling by 8-tocotrienol without an affect on Ras
protein levels may indicate a negative regulatory role of 8-tocotrienol on the function of oncogenic
Ras.

In addition to its chemopreventive effects, &-Tocotrienol induces apoptosis in pancreatic
cancer. MIA PaCa2 cells were treated with either 5-tocotrienol or vehicle for 24 hours. Cells were
collected and stained with Annexin V-FITC and analyzed by flow cytometry for apoptosis. FI1G. 4A
shows a dose dependent induction of early apoptosis in MIA PaCa2 cells treated with -
tocotrienol. &-tocotrienol selectively induced apoptosis in pancreatic cancer cells

MIA PaCa2 cells and HPDE 6C7 celis were treated with vehicle or §-tocotrienol (20uM) for
24 hours. Cells were harvested and stained for TUNEL. FIG. 4B shows significant staining of MIA
PaCa2 cells treated with §-tocotrienol for TUNEL compared to vehicle or treated HPDE 6C7 cells.
This finding suggests selective induction of apoptosis in pancreatic cancer cells. Next, cell lysates
were prepared from MIA PaCa2 celis treated with S-tocotrienol (20uM) at progressive time
intervals as described above. Proteins from lysates were run by SDS PAGE and immunoblotted
for biomarkers of apoptosis. FIG. 4C shows activation of the caspase cascade as evidenced by
cleavage of Caspase 8, Caspase 3, and Parp in a time dependent manner. Interestingly, MIA
PaCa2 celis treated with 3-tocotrienol had no significant effect on mitochondrial pro-apoptotic
proteins as shown by a lack of cytochrome C release or cleavage of Caspase 9. Taken together,
these data show that induction of apoptosis by 5-tocotrienol in pancreatic cancer cells occurs
through activation of the extrinsic apoptotic pathway.

5-Tocotrienol also suppresses pancreatic cancer growth in vivo.

Treatment of pancreatic cancer cell lines resulted in induction of apoptosis in vitro and in
vivo, The apoptotic effect of delta-tocotrienol was selective for neoplastic cells because
immortalized human pancreatic ductal epithelial cells were not sensitive to delta-tocotrienol.
Treatment of pancreatic cancer cell lines resulted in activation of the caspase cascade of the
exfrinsic pathway of apoptasis induction as evidenced by cleavage of Caspase 8 and Caspase 3
but not caspase 9. Further evidence of the lack of mitochondrial mediated apoptosis in delta-
tocotrienol induced apoptosis of pancreatic cancer cells was demonstrated by the lack of
cytochrome C release and the absence of delta-tocotrienol modulation of mitochondrial associated
proteins such as Bcl-2 and Bad.

Stable transfectants of MIA PaCa2 cells with luciferase were injected subcutaneously into
nude mice. Tumor volumes were measured every 2 days with calibers and the rate of growth was
determined weékly by measuring tumor luminescence using the IVIS 100 Xenogen system.
Tumors of similar volume (100-1 50mm°) and rate of growth based on luminescence were
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randomized to receive either vehicle orp-tocotrienol (100mg/kg/day) by gavage for 20 days. FIG.
5A shows representative luminescent measurements of control and 8-tacotrienol groups prior to
treatment and at day 10. Rate of growth by day 10 of treatment is less in the tocotrienot treatment
group.

FIG. 5B shows significant reduction in tumor growth by 50% in xenografts treated with 5-
tocotrieno! compared to vehicle. Tumors were extracted on the last day of treatment and
imbedded in paraffin. immunohistochemical staining was performed to determine the effects of &-
tocotrieno! on oncogenic Ras signaling targets. FIG. 5C shows inhibition of proliferation as
evidenced by a decrease in Ki67 and induction of apoptosis by TUNEL in tumors from mice
treated with 8-tocotrienol as compared to tumors from the control group. Furthermore, the
biomarker proteins p-MAPK and p-AKT are decreased and p27*"
tocotrienol treated tumors. These in vivo findings demonstrate reproducible alterations in cell

expression is increased in -

signaling proteins shown in vitro, above.
Example I

SW1980 pancreatic cancer cells (Panc-1) were cultured in complete DMEM media
containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin, and 1% L-glutamine.
BxPc-3 pancreatic cancer cells were cultured in complete RPMI media containing 10% fetal bovine
serum (FBS), and 1% penicillin-streptomycin, 1% HEPES buffer, 1% sodium pyruvate and 1% L-
glutamine. HPDEG-C7 cells were cultured in serum-free keratinocyte SFM media. All cells were
maintained at 37°C in a humidified incubator with 5% CO2.

Tables | (24 hours), Il (48 hours) and Ill (72 hours) show the associated results. The
columns of each table are the different treatments, comprising a single dose (50uM) as follows:
Control (no treatment), Vehicle (vehicle only, maybe a solvent), T3 alpha (alpha tocotrienol), T3
beta (beta tocotrienol), T3 gamma (gamma tocotrienol), T3 delta (delta tocotrienol), T alpha (alpha
tocopherol), T beta (beta tocopherol), TS (tocopherol succinate), GG (geranylgeraniol), SA
{succinic acid). The numbers in the cells of each column are the output of the MTS assay; with the
exception of the last column which represents the average of the replicates, divided by the
average of the control value (control is always 100). Each column represents 9 replicates. FIG. 6
illustrates the results for the 24 hour and 48 hour trials.

13
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Control
Venhicle
T3 alpha
T3 beta
T3 gamma
T3 delta
T alpha
T gamma
TS

GG

SA

Panc-1 (24 hours)

TABLE I

%

0.167

0.156

0.151

0.161

0.142

0.147

0.142

0.109

0.147

100

0.15

0.146

0.147

0.14

0.155

0.151

0.164

0.138

0.149

101

0.168

0.183

0.175

0.148

0.185

0.176

0.2086

0.172

0.178

121

0.164

0.168

0.167

0.123

0.138

0.143

0.126

0.134

0.145

99

0.169

0.161

0.163

0.143

0.15

0.158

0.159

0.151

0.157

107

0.158

0.149

0.157

0.126

0.147

0.135

0.13

0.142

0.143

97

0.188

0.183

0.189

0.166

0.183

0.181

0.186

0.16

0.180

122

0.175

0.165

0.167

0.154

0.198

0.168

0.178

0.16

0.171

116

0.155

0.168

0.164

0.158

0.165

0.163

0.165

0.167

0.162

110

0.158

0.133

0.133

0.137

0.131

0.14

0.132

0.121

0.136

92

0.146

0.154

0.15

0.152

0.172

0.165

0.179

0.165

0.160

109

Panc-1 (48 hours)

TABLE 1l

%

0.161

0.156

0.16

0.137

0.148

0.152

0.15

0.152

0.152

100

0.169

0.152

0.16

0.146

0.143

0.149

0.16

0.162

0.154

102

0.168

0.162

0.16

0.146

0.175

0.205

0.2

0.187

0.175

116

0.108

0.093

0.09

0.104

0.109

0.117

0.1

0.102

0.104

68

0.114

0.125

0.13

0.123

0.137

0.137

0.16

0.16

0.135

89

0.131

0.133

0.12

0.12

0.126

0.119

0.12

0.142

0.127

83

0.172

0.17

0.16

0.154

0.154

0.167

0.18

0.146

0.163

107

0.131

0.133

0.14

0.141

0.142

0.122

0.16

0.164

0.142

94

0.122

0.166

0.16

0.135

0.148

0.174

0.18

0.173

0.157

104

0.078

0.129

0.13

0.128

0.133

0.118

0.14

0.144

0.125

83

0.122

0.149

0.17

0.138

0.177

0.169

0.18

0.178

0.1589

108
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0.229 0.22 0.218 0.232 0.294 0.272 0.221 0.243 0.241 67 0.308 0.313

0.342 0.289 0.352 0.277 0.305 0.339 0.313 86 0.329 0.265 0.304 0.25
W@2988092841 0.301 0.279 0.295 81 0.257 0.254 0.262 0.237 OPEFEUSZPPF014912

0.32 0.337 0.275 76 0.154 0.194 0.181 0,198 0.236 0.198 0.193 0.192

0.193 53 0.334

TABLE NI,
Panc-1 (72 hours) %
Control 0464 | 0.511 | 045] 0421 | 0428 | 042 | 043 | 0433 | 0444 | 100
Vehicle 0.409 | 0.358 | 0.35| 0.321 | 0.345 | 0.304 | 0.32 | 0.336 | 0.344 77
T3 alpha 0.279 | 0.282 | 0.29 | 0.238 | 0.302 | 0.279 | 0.25 | 0.254 | 0.273 ] 61
T3 beta 0349 0316 | 0.33| 0.298 | 0.323 | 0.287 | 0.28 | 0.275 | 0.307 | 69
T3 gamma 0.776 | 0.744 | 0.88 | 0.734 | 0.812 )| 0.817 | 0.77 | 0.759 | 0.786 | 177
T3delta | 0667 | 0.615 | 0.61 | 0.587 | 0.582 | 0.491 | 0.52 | 0.604 | 0.584 | 132
T alpha 0.523 | 0478 | 046 | 0.453 | D443 ) 0.456 ;] 0.38 | 0.451 | 0.456 | 103
T gamma 05| 0497 | 046 | 0.505]| 0.515| 0.469 | 0.43 | 0.451 | 0.478 | 108
TS 0.998 | 0962} 1.02| 0.887 | 0.936 ) 0.897 ; 0.85 | 0.801 | 0.918 | 207
GG 0.784 | 0.713 | 0.76 | 0.734 | 0682 | 0665 | 0.65 | 0.627 | 0.702 | 158
SA 0.596 | 0.547 | 0.57 ) 0.515| 0.544 | 044 | 04| 0427} 0504 | 113

Example Il

MiaPaCa-2 cells were cultured in complete DMEM media containing 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin, and 1% L-glutamine. BxP¢c-3 pancreatic cancer cells
were cultured in complete RPMI media containing 10% fetal bovine serum (FBS), and 1%
penicillin-streptomycin, 1% HEPES buffer, 1% sodium pyruvate and 1% L-glutamine. HPDEB-C7
cells were cultured in serum-free keratinocyte SFM media. All cells were maintained at 37°C in a
humidified incubator with 5% CQ2.

Tables IV (24 hours), V (48 hours) and VI (72 hours) show the associated results. The
columns of each table are the different treatments, comprising a single dose (50uM) as follows:
Control (no treatment), Vehicle (vehicle only, maybe a solvent), T3 alpha (alpha tocotrienol), T3
beta (beta tocotrieno!), T3 gamma (gamma tocotrienol), T3 delta (delta tocotrienol), T alpha (alpha
tocopherol), T beta (beta tocopherol), TS (tocopherol succinate), GG (geranylgeraniol), SA
(succinic acid). The numbers in the cells of each column are the output of the MTS assay; with the
exception of the last column which represents the average of the replicates, divided by the
average of the control value (control is always 100). Each column represents 9 replicates. FIG. 7
illustrates the resuits for the 24 hour and 48 hour trials.



0.335 0.333 0.304 022 0.294 0.352 0.348 0.328 90 WO

2008/002611PCT/US2007/014912 TABLE VI MiaPaCa-2 (72 hours)

W@2408/092511 0.447 0.421 0.428 0.42 0.43 0.433 0.444 100 0.46T (Y 3H47/014912
0.353 0.321 0.345 0.304 0.322 0.336 0.344 77 0.279 0.282 0.294 0.238
0.302 0.279 0.254 0.254 0.273 61 0.349 0.316 0.328 0.298 0.323 0.287

Control
Vehicle
T3 alpha
T3 beta
T3 gamma
T3 delta
T alpha

T gamma
TS

GG

SA

Control
Vehicle
T3 alpha
T3 beta
T3 gamma
T3 delta
T alpha

* T gamma
TS

GG

SA

TABLE IV.

MiaPaCa-2 (24 hours) %
0.225 | 0.226 | 0223 | 0.216 | 0.239 | 0.204 | 0.226 | 0.219 | 0.222 { 100
0.266 | 0.238 | 0.225 | 0.192 | 0.183 0.2 0189 ] 0.198 | 0.211 95
0.274 } 0.296 | 0.293 | 0.216 | 0.245 | 0.258 | 0.243 | 0.239 | 0.258 | 116

0.17 | 0.179 | 0.184 | 0.152 | 0.172 | 0.182 | 0.179| 0.19| 0176 | 79
0.133] 0.135) 0.141 | 0127 | 0.142 | 0.166 | 0.171 | 0.162 | 0.147 | 66
0.174 | 0159} 0.171 | 0.139 | 0.185 | 0.187 0.18 | 0.167 | 0170 | 77
0.249 | 025 0.253 | 0.207 | 0.253 | 0.238 0.27 | 0.254 | 0.247 | 111
0273 ] 0.261 | 0.268 | 0219 | 0.264 | 0.31 | 0.295 | 0.263 | 0.269 | 121

024 0211 0226 0.172 | 0221 | 0.201 | 0.214 | 0.228 | 0.214 96
0.186| 0.166 | 0.175( 0.18 | 0.196 | 0.199 | 0.184 | 0.178 | 0.183 | 82

024 0.248| 025 0.245| 0236 | 0.219 | 0.214 | 0.204 | 0.232 | 105

TABLEV

MiaPaCa-2 (48 hours) %
0.364 | 0.354 | 0.321| 0.362 | 0.416 | 0.296 | 0.382 | 0.397 | 0.362 | 100
0.374 | 0.357 | 0.356 | 0.331 | 0.382 | 0.389 | 0.396 | 0.335| 0.365 | 101
0.336 | 0.325 | 0.343 | 0.327 0.39 | 0.376 | 0.322 | 0.286 | 0.338 | 93
0.193] 0.137 | 0227 | 0.223 | 0.231 | 0.272} 0225 | 027} 0.222] 61
0.095| 0.116 | 0.111 | 0.128 | 0.159 | 0.147 | 0.167 | 0.152 | 0.134 | 37
0229 | 022| 0.218 | 0.232 | 0.294 | 0.272 | 0.221 | 0.243 | 0.241 67
0.308 | 0.313 ] 0.342 | 0.269 { 0.352 | 0.277 | 0.305 | 0.339 | 0.313| 86
0.329 | 0.265| 0.304| 0.25] 0.289| 0.341 | 0.301 | 0.279] 0.295| 81
0.257 | 0.254 | 0.262 | 0.237 | 0.258 | 0.275| 0.32| 0337 | 0.275| 76
0.154 | 0.194 | 0.181 ) 0.198 | 0.236 | 0.198 | 0.193 | 0.192 ] 0.193 ) 53
0.334| 0.335| 0.333| 0304 | 032 0.294 | 0.352 | 0.348| 0.328| 90
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0.281 0.275 0.307 69 0.776 0.744 0.876 0.734 0.812 0.817 0.773 0.759
0.786 177 0.667 0.615 0.605 0.587 0.582 0.491 0.524 0.604 0.584 132
W@ 2998092478 0.464 0.453 0.443 0.456 0.383 0.451 0.456 103 BT (Y32997/014912

0.46 0.505 0.515 0.469 0.429 0.451 0.478 108 0.998 0.962 1.016 0.887
0.936 0.897 0.85

TABLE VI
MiaPaCa-2 (72 hours) %
Control 0.464 | 0.511 | 0.447 | 0.421 | 0.428 | 042 043 | 0433 | 0.444 { 100
Vehicle 0.409 | 0.358 | 0.353 { 0.321 | 0.345| 0.304 | 0.322 | 0.336 { 0.344 77
T3 alpha 0279 | 0282 | 0.294 | 0.238 | 0.302 | 0.279 | 0.254 | 0.254 | 0273 | 61
T3 beta 0.349 | 0.316 | 0.328 | 0.298 | 0.323 | 0.287 { 0.281 { 0.275 | 0.307 | &8
T3 gamma 0776 | 0.744| 0876 ] 0.734 | 0.812 | 0.817 | 0.773 | 0.759 | 0.786 | 177
T3 delta 0.667 | 0.615 ] 0.605 | 0.587 | 0.582 | 0.491 | 0.524 | 0.604 | 0.584 | 132
T alpha 0.523 | 0,478 | 0.464 | 0.453 | 0.443 | 0.456 | 0.383 | 0.451 | 0.456 | 103
T gamma 0.5 | 0497 0.46 | 0505 | 0.515 | 0.469 | 0.429 | 0.451 | 0.478 | 108
TS 0998 | 0962} 1.016 | 0.887 | 0.936 | 0.897| 0.85| 0.801 | 0.918 | 207
GG 0784 | 0.713 ] 0.757 | 0.734 | 0682 ] 0.665| 0.65| 0.627 | 0.702] 158
SA 0.596 | 0.547 | 0.566 | 0.515 | 0.544 | 0.44 | 0.397 | 0.427 | 0.504 | 114
Example il

MiaPaCa-2 cells were cultured in complete DMEM media containing 10% fetal bovine
serum (FBS) and 1% penicillin-streptomycin, and 1% L-glutamine. BxPc-3 pancreatic cancer cells
were cultured in complete RPMI media containing 10% fetal bovine serum (FBS), and 1%
penicillin-streptomycin, 1% HEPES buffer, 1% sodium pyruvate and 1% L-glutamine. HPDES-C7
cells were cultured in serum-free keratinocyte SFM media. All cells were maintained at 37°C in a
humidified incubator with 5% CO2.

Table VIl (48 hours) and Table VIl (6§ Days) show the associated results. The columns of
each table are the different treatments, comprising a single dose (50uM) as follows: Control (no
treatment), Vehicle (vehicle only, maybé a solvent), T3 alpha (alpha tocotrienol), T3 beta (beta
tocotrienol), T3 gamma (gamma tocotriencl), T3 delta (delta tocotriencl), T alpha (alpha
tocopherol), T beta (beta tocopherol), TS (tocopherol succinate), GG (geranylgeraniol), SA
(succinic acid). Each column represents 7 replicates with one blank. The numbers in the cells of
each column are the output of the MTT assay; with the exception of the bottom three rows which
represent, respectively: the average of the replicates, the average of the replicates including the
blank, and the average of the replicates divided by the average of the control value (control is
always 100).
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W@ p008/00gsHPaCa-2 cells were cultured in complete DMEM mé&§i%/US2007/014912

containing 10% fetal bovine serum (FBS) and 1% penicillin-streptomycin,
and 1% L-glutamine. BxPc-3 pancreatic cancer cells 5 were cultured in
complete RPM! media containing 10% fetal bovine serum (FBS), and 1%
penicillin-streptomycin, 1% HEPES buffer, 1% sodium pyruvate and 1%
L-glutamine. 1-1PDE6-C7 cells were cultured in serum-free keratinocyte

SFM media. All cells were maintained at 37C in a humidified Incubator
with 5% CO2. Table VII (48 hours) and Table VIII (5 Days) show the
associated results. The columns of 10 emBLEAMIE are the different

treatments, comprising a single dose (50pM) as follows: Control (no

treatment)midebadez (8addgse only, maybe a solvent), 13 alphavaiakea Average- %

tocotrienql), 13 beta (beta tocotrienol). T3 gamma (gamm tocotrienoh 23
Blanijelta (dekd RTokrRAE)| P-oBHa0EH5HLBEDPREN)| P984 (beta
ConttelcopherplP. 383 (t0ETRHePEHLcOiP3te) 0CGR2 getanylgetioln-34& (sucoai® | 100
vehi@eid). EaffogeRijTmaepfanssgy 0.6aplCatsy Vblsan¢ bbuek! Toeaunjoeseso | 90
73 alphihe celSgiad™d BIET FRIEEE HEHTF FHEU O 1HE Wb PSRt tE 202 | o4
T3 p&XCEPIIO Jﬁfﬁt}hﬂ% Sy %"”é@ TN "&?5? T2 1625 :t:‘r“??fle‘ébth: 0193 | 62

average ofthe replicates, the averagé.orthe replicates indluding the i
bl IpTank, anr ML A el P A% eitd , <CefviSel B fife' A0 rafd 78 the 0124 | 40
3 delntrol valQ@{Bar®rBFds| e85 s $E35. | Wy | 0239 | 0269 [ 0.263 0217 | 70
73'92908/00269-§%TM§2( @73094 31388 7BL-BS IP-2A7aPaC363 (P Bg/s| 0.296 95
T gavimerage AvesageoBianko.$1p 7 03B dB9d Y 0.5285 (b34P P. B 3BP.0f6 0.292 | 94
Ts 0.384 0215 | 0.184 | 02| 0.187 | 0.194 | 019 | 0.185| 0.194 0.148 | 48
GG 0.329 | 0.339 [ 0.321 | 0.328 | 0.342 | 0.317 | 0.341 | 0.331 0285 | 92
SA 0276 [ 0269 | 0268 | 0.276 | 03| 0262 | 0266 | 0.274 0.228 74

TABLE VIIL.
MiaPaCa-2 (5 Days) Average Average- %
Blank

Blank 0.051 | 0.052 | 0.052] 0.052] 0.052 [ 0.053 | 0.052
Control 1.803 | 1.86| 1.75[ 1.832| 2241 | 1.751| 1.79| 1.861 1.809 | 100
Vehicle 1.733 | 1661 1594 | 1.754 [ 2161 | 1.703| 168 1.755 1.703 94
T3 alpha 1497 | 1573 | 1569 | 1.55| 1.811| 1.589 | 1.47 | 1.580 1,528 84
T3 beta 097 | 0.781 | 0.977 | 1.154 | 1.408 | 0.944 | 0.891 | 1.018 0966 | 53
T3 gamma 0.088 | 0.084 | 0.098 | 0.089| 012] 0.084 | 0.092| 0.094 0.042 2
T3 delta 1.344 | 1314 | 1.27| 1.337 | 1.579 | 1.308 | 1.341 | 1.356 1.304 | 72
T alpha 156 | 1.647 | 1.59 | 1.619 | 2.059 | 1.526 | 1.588 | 1.656 1.604 89
T gamma 152 1516 | 1.547 [ 1.625| 1917 | 1.568 | 1.635| 1.618 1.566 87
TS 0732 0.776 | 0.786 | 0.714 | 0.939 | 0.859 | 0.968 | 0.825 0773 [ 43
GG 1.738 | 1608 | 1.577 | 1.744 | 2134 | 1606 | 1.711 | 1.731 1.679 93
SA 1.36 | 1.346 | 1.488 | 1.609 | 1.84 | 1.412 | 1.408 | 1.495 1.443 80
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0.372 0.341 0.333 0.382 0.345 0.332 0.356 0.310 100 0.342 0.315 0.309
0.342 0.347 0.321 0.306 0.326 0.280 90 0.349 0.341 0.356 0.329 0.349

W@299%092928 0.338 0292 94 0.272 0.235 0.233 0.228 0252 0.PLF(Y32997/014912
0.239 0.193 62 0.185 0.181 0.156 0.183 0.21 0.141 0.137 0.170 0.124 40
0.276 0.284

Example IV

BXPC3 cells were cultured in complete DMEM media containing 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin, and 1% L-glutamine. BxPc-3 pancreatic cancer cells were
cultured in complete RPMI media containing 10% fetal bovine serum (FBS), and 1% penicillin-
streptomycin, 1% HEPES buffer, 1% sodium pyruvate and 1% L-glutamine. HPDEG-C7 cells were
cultured in serum-free keratinocyte SFM media. All cells were maintained at 37°C in a humidified
incubator with 5% CQO2.

Table IX (48 hours) and Table X (5§ Days) show the associated results. The columns of
each table are the different treatments, comprising a single dose (50puM) as foflows: Control (no
treatment), Vehicle {vehicle only, maybe a' solvent), T3 alpha (alpha tocotrienol), T3 beta (beta
tocotrienol), T3 gamma (gamma tocotrienol), T3 delta (delta tocotrienol), T alpha (alpha tocopherot),
T beta (beta tocopherol), TS (tocopherol succinate), GG (geranyigeraniol), SA (succinic acid). Each
column represents 7 replicates with one blank. The numbers in the cells of each column are the
output of the MTT assay; with the exception of the bottom three rows which represent, respectively:
the average of the replicates, the average of the replicates including the blank, and the average of
the replicates divided by the average of the control value (control is always 100).

TABLE IX.
BXCPC3 (48 Hours) Average Average-
Blank

Blank 0.048 | 0.047 | 0.049| 0.051| 0.05| 0.047 | 0.049

Control 0.279 | 0.282 028 | 0.273 | 0.267 | 0.287 | 0.274 0.277 0.228 100
Vehicle 0.255 | 0.274 | 0.276 | 0.256 | 0.295 | 0.292 | 0.285 0.276 0.227 100
T3 alpha 0.279 | 0.275 | 0.295 | 0.301 0.3 | 0.273 | 0.275 0.285 0.236 104
T3 beta 0.263 | 0.261 027 | 0.254 | 0.278 | 0.255 | 0.274 0.265 0.216 95
T3 gamma 0.259 | 0.257 | 0.289 ]| 0.279 | 0.268 | 0.292 | 0.283 0.275 0.226 99
T3 deita 0.26 | 0.255 0.24 | 0263 | 0.271 | 0.277 | 0.288 0.265 0.216 95
T alpha 0.333 | 0.328 | 0.352 | 0.296 0.3 | 0.341 | 0.312 0.323 0.274 120
T gamma 032 0.356 | 0.335 | 0.304 | 0.277 0.28 | 0.306 0.311 0.262 1156
TS 0.271 | 0.274 | 0.296 | 0.271 | 0.282 | 0.274 | 0.277 0.278 0.229 100
GG 0.308 | 0.272 | 0.299 | 0.291 | 0.299 03| 0.294 | 0.295 0.246 108
SA 0.273 0.28 | 0.271 | 0.271 | 0.254 | 0.263 | 0.255 0.267 0.218 95
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0.262 0.239 0275 0.239 0.269 0.263 0.217 70 0.365 0.352 0.339 0.338

0.350.297 0.35 0.342 0.296 95 0.35 0.323 0.312 0.36 0.348 0.328 0.348
WQ@298%09280D 94 0.215 0.184 0.2 0.187 0.194 0.19 0.185 0.19FOTURNY/014912

0.329 0.339 0.321 0.328 0.342 0.317 0.341 0.331 0.285 92 0.276 0.269

0.268
TABLE X.
BXPC3 (5 Days) Average Average-
Blank

Blank 0.052 | 0.054 | 0.056 | 0.055 ] 0.055 | 0.059 | 0.055

Control 0626 | 0613 062] 0618 | 067 0626 | 0642 | 0.631 0.576 100
Vehicle 0.641 | 0644 | 0647 | 0.653 | 0.660 | 0.650 | 0.648 | 0652 0.597 104
T3 alpha 0.584 | 0637 | 0594 | 063} 062] 061] 0618] 0613 0.558 | 97
T3 beta 0.468 | 0.512 | 0495 | 0.481 | 0.457 | 0483 | 0.411 0.472 0.417 72
T3 gamma 0.418 | 0446 | 0446 | 0.457 | 0.428 | 0412 | 0.42]| 0432 0.377 66
T3 delta 0.485 049 ) 0522 | 0.539 | 0.851 | 0.523 | 0.527 0.520 0.465 81
T alpha 0.657 | 0.642 | 0.666 | 0.659 | D.705 0.66 | 0.672 0.666 0.611 106
T gamma 0628 | 0.66| 0653 | 0.649 | 0.682 | 0.615 | 0.661 0.650 0.595 103
TS 0.192 | 0.127 | 0.142 | 0.162 | 0.116 | 0.129 | 0.199 | 0.152 0.097 17
GG 0621 | 0655 0672 0663 | 0657 | 0.724 | 0.66| 0.665 0.610 106
SA 0456 | 0471 | 0497 | 0487 0493 | 048 0494 0.483 0.428 74

FIG. 8A shows a significant increase in apoptotic cells in MIAPaCa2 treated with &-
tocotrienol compared to vehicle or treated HPDE 6C7 celis. FIGS. 88-80. MIA PaCa-2, BxP¢-3, and
SW1990 pancreatic cancer cells were also treated with in varying concentrations of 3-tocotrienol or

5 vehicle for 24 hours. Cells were collected and stained with Annexin V-FITC and analyzed by flow
cytometry for apoptosis. FIGS. 8B, 8C and 8D show a dose dependent induction of apoptosis in MIA
PaCa-2 cells treated with 8-tocotrienol compared to vehicle.

FIG. 9A shows activation of the caspase cascade as evidenced by cleavage of Caspase 8,
Caspase 3, and PARP in a time dependent manner. Interestingly, MIA PaCa-2 cells treated with &-
10 tocotrienol had no significant effect on mitochondrial pro-apoptotic proteins as shown by a lack of
cytochrome C release or cleavage of Caspase 9 (9B). FIG 9C shows selective caspase 8 and 3
cleavage in several pancreatic cancer cell lines but not in HPDE-6C7 cells, an immortalized
pancreatic ductal epithelial cell line. Caspase 9 was not cleaved in the pancreatic cancer cells. FIG.
10 shows a time-dependent decrease in phospho-AKT (but not total AKT) in the pancreatic cancer

15 cell lines, but not in the HPDE cells.

The functional overexpression of CA-AKT demonstrates the role of AKT signaling and
caspase 8 in &-Tocotrienol-induced cell death (FIG. 11A). MIA PaCa-2 cells (pZWL vector and
myrAKT) were treated without serum vehicle or 5-tocotrienol (40 or 50uM) for 24 hours, with and

without a 10-hour caspase 8 inhibitor pretreatment. Cells were also treated with TRAIL as a positive
20




0.276 0.3 0.262 0.266 0.274 0.228 74 TABLE VIIl. MlaPaCa-2 (5 Days)
Average Average- Blank 0.051 0.052 0.052 0.052 0.052 0.053 0.052

WQ 28080028611.75 1.832 2.241 1.751 1.79 1.861 1.809 100 1.73§ T/ BH07/014912
1.594 1.754 2.161 1.703 1.68 1.755 1.703 94 1.497 1.573 1.569 1.55
1.811

control. Cells were then harvested, fixed, permeablized and stained with trypan blue. Western blot
(FIG. 11B) of cell lysates from Fig. 11A demonstrate the decrease of pAKT with 50uM treatment of
tocotrienol in MiaPaca 2 parenteral cells transfected with empty vector compared to cells
overexpressing constitutively active AKT.

S MIA PaCa2 xenografts in nude mice were measured every second day for tumor growth,
Mice were treated with either rice bran oil (vehicle) or d-tocotrienol (100mg/kg/day) via gavage five
times per week. Results (FIG. 12A) demonstrate significant inhibition of pancreatic tumor growth in
mice treated with 8-tocotrienol. Immunohistochemical staining (FIG. 12B) demonstrates 8-tocotrienol
induced apoptosis as measured by TUNEL staining, and decreased p-AKT expression.

10 Moreover, infection of Mia-PaCa2 paricreatic cancer cells with pWZL retroviral vector
encoding myristoylated AKT demonstrates rescue of &-Tocotrienol suppression PI3K-AKT signaling.
MiaPaCa-2 parental cell lines were stably transfected using a retroviral pWZL vector construct
expressing constitutively active myristoylated AKT to generate MiaPaCa-2a«r cells. FIGS. 13A and
13B demonstrate the rescue of 5-tocotrienol's ability to downregulate p-AKT.

15 Figures 13C through 13F show the AKT and caspase 8/3 pathways are involved in the
mechanism by which tocotrienol induces cell death. Treatment with tocotrienol induced more cell
death in the vector cells than the myr-AKT cells when compared to vehicle. TRAIL induced ceil death
was comparable to vehicle. Lastly, pretreatment with caspase 3, 8 and 9 inhibitors rescued
tocotrienol induced cell death.

20 Delta-tocotrienol inhibits pancreatic cancer metastasis as shown in FIGS. 13G-13J.
Tocotrienol caused tumor regression at the highest dose compared to vehicle/PBS. Accordingly,
tocotrienol inhibits pancreatic tumor growth in vivo.

Putative cancer chemoprevention in plasma and mouse tissue by HPLC-UV via vitamin E

and delta-tocotrienol is shown in FIGS. 13K and 13L. Tocotrienol was detectable in plasma and was

25 significantly concentrated in the pancreas. Surprisingly, tocotrieno! localizes in the pancreas by a

factor of 10 when compared to liver and tumor levels. These results indicate the mechanism for
tocotrienol action.

Taken together, these findings show &-Tocotrienol selectively induces apoptosis in

pancreatic cancer cell via the extrinsic apoptotic pathway. 5-Tocotrienol selectively inhibits the PI3-

30 K/AKT pathway and induces apoptosis in vivo and this is associated with inhibition of AKT signaling
targets. Moreover, overexpression of myr AKT in Pancreatic Cancer cells rescues the effect d-
Tocotrienol induces apoptosis in vitro and in vivo. Also, tacotrienol inhibition of pancreatic cancer cell

21
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1.589 1.47 1.580 1.528 84 0.97 0.781 0.977 1.154 1.408 0.944 0.891
1.018 0.966 53 0.088 0.084 0.098 0.089 0.12 0.084 0.092 0.094 0.042 2

WQ 2948/002814 1,27 1.337 1.579 1.308 1.341 1.356 1.304 72 1.56 T/ BRP07/8H1912
1.619 2.059 1.528 1.588 1.858 1.604 89 1.52 1.516 1.547 1.625 1.917
1.568

growth can be rescued by consitutively active myrAKT. This suggests that tocotrienotl induces
apoptosis in pancreatic cancer at the level of pAKT.

It can be seen that delta-tocotrienol induced apoptosis of pancreatic cancer cells likely involves
modulation of the Akt signaling pathway, because the Akt survival signaling pathway is often
overexpressed in pancreatic cancer and implicated in non-mitochondria associated apoptosis. Delta-
tocotrieno! suppressed the phosphorylation levels of serine/threonine kinase Akt in vifro and in vivo.
Furthermore, overexpression of constitutively active Akt protected pancreatic cancer cells from
undergoing apoptosis after incubation with delta-tocotrienol. Together, these data indicate that delta-
tocotrienol induces apoptosis in pancreatic cancer cells through activation of the caspase 8 cascade
and suppression of the Akt survival pathway and shows that this micronutrient is useful for pancreatic
cancer chemoprevention and treatment in vivo.

Surrogate End Point Biomarkers for Pancreatic Cancer

Historically, the chemopreventive benefit of an agent could only be shown by a reduced
cancer incidence or mortality. The use of reduced incidence or mortality as end points makes
chemoprevention trials long, large, costly, and, hence impractical except for cancers that have
high event rates. Indeed, the only reports of chemoprevention trials for pancreatic cancer have
come from subset analysis of chemoprevention trials conducted for other indications. This
approach has resulted in inconclusive observations of the value of agents such as a-tocopherol, -
carotene, aspirin, and non-steroidal anti-inflammatory drugs (NSAIDs).

Developing “early phase” clinical trial methodologies for chemopreventive agents akin to
the phase | and phase |l studies for traditional cancer therapeutics is an important research priority
to advance chemopreventive drug development in pancreatic cancer. Ideally these studies should
confirm not only the potential for chemoprevention, but also answer questions about optimal dose
and schedule. In response to these challenges, several investigators have proposed and initiated
studies that focus on candidate surrogate end point biomarkers (SEBs) of the target lesion
pathophysiology rather than on long-term cancer prevention.

In SEB trials, reduction in tumor incidence is replaced with evidence for reversal of one or
more elements of the neoplastic phenotype, such as abnormal proliferation, cell survival, or
aberrant gene expression. Specifically, these strategies focus on the effect of agents on a
significant precancerous lesion, intraepithelial neoplasia (IEN). Whereas IEN is a validated
precancer in most epithelial tissues, mucinous cystic neoplasms (MCNs), intraductal papillary
mucinous neoplasms (IPMNs), and pancreatic intraepithelial neoplasia (PanIN), are the best-
characterized IENs in pancreatic tissue. The progress of these lesions to invasive carcinoma is well
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prevelant in the surgical specimens of patients who have undergone resection of invasive ductal

one embodiment, the invention includes surrogate endpoint biomarkers that were

adenocarcinomas of the pancreas (IPMNs). Tocotrienol, such as 3-tocotrienot from annatto bean,
demonstrated selectively inhibition in human pancreatic cancer cells. The data shows that 3-
tocotrienol affects a number of molecular processes including induction of apoptosis and inhibition
of tumor growth and that S-tocotrienol inhibits oncogenic signal transduction pathways in pancreatic
neoplastic cells. Specifically, 5-tocotrienol decreases phospho-Raf, phospho-MEK, phospho-ERK,
and phospho-AKT levels in human pancreatic cancer cells. Furthermore, 3-tocotrienol induces the
expression of growth inhibitory mediators such as p27K"“. and activates the apoptotic mediators
caspase 8 and caspase 3.

Cases of resected pancreatic ductal carcinoma from 1986 to 2006 were callected from the
Moffitt Cancer Center Tumor Registry and Pathology information system. Slides from each case
were reviewed by a single pathologist for histological tumor type, grade, and presence of ductal
precursor lesions. Histologic type and grade were assigned based on current W.H.O nomenclature.
Pancreatic carcinoma precursor lesions, termed pancreatic intraepithelial neoplasia (PaniN) were
graded la, Ib, 2, and 3 according to published criteria (Hruban, 2001). Based on slide review, 10
representative tissue blocks were selected from ten consecutive resection specimens. Preference
was given to sections showing carcinoma, (preferably more than one grade of carcinoma),
nonneoplastic ducts, and precursor lesions. All cases were ductal adenocarcinoma, NOS, or well to
poorly differentiated.

The data shown in FIGS. 14A through 15 demonstrates the accuracy with which these
intermediate biomarkers can be measured. Ki67 was noted to be a reliable marker of proliferation
with progressive increase of a positive reaction in the nucleus from normal to intermediate to
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invasive carcinoma. An inverse progression was noted for TUNEL staining indicating oncogenic
suppression of apoptosis in neoplastic pancreatic ductal cells. A similar inverse progression was
observed in the expression of the p27 cyclin-dependent kinase inhibitor protein. In contrast,
downstream mediators of activated oncogenic Ras signaling such as phospho-MAPK and phospho-
AKT are increased. Remarkably, all patients with invasive ductal cancer of the pancreas and
IPMNs had noninvasive precursor lesions in their surgical specimens.

No cases of undifferentiated carcinoma or ductal adenocarcinoma variants were selected
for this pilot study. One section was cut from each block for routine Hematoxylin and eosin stains.
Sections cut for immunohistochemistry were placed on poly-L-lysine coated slides. Antibodies used
included Ki-67, p27, and p-MAPK. A TUNEL assay was used to evaluate for apoptosis.
Immunohistochemical studies were performed using standard immunohistochemical techniques.
Slides were then scanned into the Ariol SL-50 (version 3.0.70) from Applied imaging for accurate,
reproducible, and objective high throughput analysis. Images were reviewed by one pathologist for
representative areas of carcinoma, PanIN, reactive ducts, and non-neoplastic ducts. Well-
differentiated and moderately differentiated carcinomas were grouped into one category of low
grade for the purpose of this study. Poorly differentiated carcinoma was classified as high grade
carcinoma. Additional areas of perineural invasion, if present on the slide, were also selected for
analysis,

F1G. 14A shows an increase in proliferation rate as degree of invasion and grade of tumor
is increased. This is indicated by a progressive increase in the mean percentage of cells staining
positive for Ki-67. In contrast, FIG. 14B shows a progressive decrease in the number of apoptotic
cells stained with TUNEL, negatively correlating with the degree of tumor invasion.

FIG. 15 shows representative slides of non-neoplastic pancreatic ductal tissue, reactive
tissue, precursor lesions (PanIiN 1-3), and low and high grade invasive carcinomas. Each
representative area was stained with Hematoxylin and Eosin, and for Ki-67, p27, p-MAPK, and
TUNEL.

Results show an increase in Ki-67 and p-MAPK staining as pancreatic ducts progress from
non-neoplastic to PaniN to invasive carcinoma. The greatest degree of staining is in high grade
tumors. In contrast p27 and TUNEL staining decrease with tumor invasiveness and progression.
Indicating a loss of cell cycle inhibition and induction of apoptosis.

Another embodiment of the invention includes a method of screening for pancreatic ductal
carcinoma, or a stage of pancreatic cancer in a subject by determining, such as in an isolated
sample, the level of a biomarker; namely, p27. The level of the biomarker is then compared to a
corresponding control level in one or more control samples. In a preferred embodiment the control
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samples are obtained from individuals who have been determined not to have pancreatic ductal
carcinoma, or a stage of pancreatic cancer.

The determination of a statistically significant increase between the level of the biomarker
in the subject and the level of the biomarker in the control sample(s) is indicative of the lack of
pancreatic ductal carcinoma, or a stage of pancreatic cancer in the subject. A statistically
significant decrease in the level of p27 in the subject, compared to the level of the biomarker in the
control sample(s), indicates the presence of pancreatic ductal carcinoma, or a stage of pancreatic
cancer in the subject.

In an alternate embodiment, the level of a second biomarker, namely Ki-67 and/or p-
MAPK, is determined and compared to a control level of Ki-67 and/or p-MAPK in one or more
control samples. A statistically significant increase between the leve! of Ki-67 and/or p-MAPK in the
subject and the control sample(s) is indicative of pancreatic ductal carcinoma, or a stage of
pancreatic cancer in the subject. A statistically significant decrease in the level of Ki-67 and/or p-
MAPK in the subject, compared to the control sample(s), is indicative of the lack of pancreatic
ductal carcinoma, or a stage of pancreatic cancer in the subject.

Methods of determining the level of the biomarker in the subject and control sample(s) are
known to the ordinary practitioner. In one embodiment, as an example, the level of the biomarker is
determined utilizing an antibody which binds the biomarker. The sample containing the biomarker
is contacted with the antibody under conditions which allow binding of the biomarker to the
antibody; the presence of the biomarker can then be quantified.

The invention also includes compositions useful in performing the associated methods.
For example, the invention includes a composition comprising a plurality of isolated proteins which
bind selectively to the protein products of the associated biomarkers; namely, Ki-67 and/or p-MAPK,
and p27. In a preferred embodiment, the isolated proteins selectively amplify complementary
double stranded DNA. A composition is also included comprising a plurality of biomarker specific
primers, wherein each biomarker specific primer selectively amplifies double stranded DNA
complementary to a unique biomarker such as Ki-67, p-MAPK and p27. Alternatively, the invention
includes a composition comprising a plurality of isolated proteins which bind selectively to the
protein products of at least two unique biomarkers, wherein each unique biomarker is selected from
the group consisting of Ki-67, p-MAPK and p27.

As used herein, the term "biomarker" refers to a gene that is differentially expressed in
individuals having cancer, including pancreatic cancer or a stage of pancreatic cancer as compared
with those not having cancer, including pancreatic or a stage of pancreatic cancer. The term
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“biomarker” can include a gene that is differentially expressed in individuals having superficial
pancreatic cancer as compared with those not having pancreatic cancer.

The term "biomarker specific primers" as used herein refers to a set of primers which can
produce double stranded DNA complementary to a portion of one or more RNA products of the
biomarker of the invention. For example, the primers can include a first primer which is a sequence
that can selectively hybridize to RNA, cDNA or EST complementary to a biomarker of the invention
to create an extension product and a second primer capable of selectively hybridizing to the
extension product, which are used to produce double stranded DNA complementary to a biomarker
ofithe invention.

The term, "primer”, as used herein refers to an oligonucleotide, whether occurring naturally
as in a purified restriction digest or produced synthetically, which is capable of acting as a point of
initiation of synthesis when placed under conditions in which synthesis of a primer extension
product, which is complementary to a nucleic acid strand, is induced, i.e., in the presence of
nucleotides and an inducing agent such as a DNA polymerase and at a suitable temperature and
pH. The primer may be either single-stranded or double-stranded and must be sufficiently long to
prime the synthesis of the desired extension product in the presence of the inducing agent. The
exact length of the primer will depend upon many factors, including temperature, squrce of primer
and the method used. For example, for diagnostic applications, depending on the complexity of the
target sequence, the aligonucieotide primer typically contains 15-25 or more nucleotides, although it
may contain fewer nucleotides. The factors involved in determining the appropriate length of primer
are readily known to one of ordinary skill in the art. In general, the design and selection of primers
embodied by the instant invention is according to methods that are standard and well known in the
art, see Dieffenbach, C. W., Lowe, T. M. J., Dveksler, G. S. (1995} General Concepts for PCR
Primer Design. in: PCR Primer, A Laboratory Manual (Eds. Dieffenbach, C. W, and Dveksler, G. S.)
Cold Spring Harbor Laboratory Press, New York, 133-155; Innis, M. A., and Gelfand, D. H. (1990)
Optimization of PCRs. In: PCR protocols, A Guide to Methods and Applications (Eds. Innis, M. A.,
Gelfand, D. H., Sninsky, J. J;, and White, T. J.) Academic Press, San Diego, 3-12; Sharrocks, A. D.
(1994) The design of primers for PCR. In: PCR Technology, Current innovations (Eds. Griffin, H.
G., and Griffin, A. M, Ed.) CRC Press, London, 5-11.

The term "biomarker specific probe" as used herein refers to a probe selectively and
specifically hybridizes to RNA products of a unique biomarker. In one embodiment a biomarker
specific probe can be a probe having a fluorophore and a quencher, for example a TagMan.RTM.
probe or a Molecular Beacons probe. In another embodiment a biomarker specific probe is a probe
which is attached to an array and selectively and specifically -hybridizes to one or more RNA
products (or cDNA, EST or PCR products corresponding to said RNA products) of a unique
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biorarker. A biomarker specific probe can include oligonucleotide probes and can also include
langer prabes (e.g. 60, 80, 100, 150, 200, 250, 300, 350, 400, 450, 500 Nuclectides etc.).

As used herein, the term “probe" means oligonucleotides and analogs thereof and refers
to a range of chemical species that recognize polynucleotide target sequences through hydrogen
bonding interactions with the nucleotide bases of the target sequences. The probe or the target
sequences may be single- or doubte-stranded RNA or single- or double-stranded DNA or a
combination of DNA and RNA bases. A probe is at least 8 nucleotides in length and less than the
length of a complete gene. A probe may be 10, 20, 30, 50, 75, 100, 150, 200, 250, 400, 500 and up
to 2000 nucleotides in length. Probes can include oligonucleotides modified so as to have a tag
which is detectable by fluorescence, chemiluminescence and the like. The probe can also be
modified so as to have both a detectable tag and a quencher molecule, for example Tagman.RTM.
and Molecular Beacon.RTM. probes.

As used herein, the term "product of the biomarker” or "biomarker product” refers to the
RNA or protein which corresponds or is encoded by the biomarker (i.e. is transcribed from the gene
or genetic element or is translated from RNA which is transcribed from the gene or genetic
element). For example, in some embodiments RNA resulting from the biomarker can include one or
more of the following species; hnRNA, mRNA, and/or one or more spliced variants of mRNA. In
some embodiments, proteins resuiting from the melecular marker can include any proteins found in
blood which correspond to the RNA resulting from the biomarker.

As used herein, the term "control” or "control sample" in the context of this invention refers
to one or more tissue nucleic acid samples and/or a blood nucleic acid samples and/or one or more
individuals who are classified as having pancreatic cancer, having one or more stages of pancreatic
cancer and/or superficial bladder cancer; not having pancreatic cancer, having one or more stages
of pancreatic cancer and/or superficial bladder cancer; as determined by using those techniques
known to a person skilled in the art. The term control or control sample can also refer to the
compilation of data derived from samples of one or more individuals who have been diagnosed as
normal (not having pancreatic cancer), having pancreatic cancer, or having a stage of pancreatic
cancer. As would be understood by a person skilled in the art--the term control is used in the
context of the experiment and will depend upon the desired comparisons. As used herein, the term
"control" in the context of screening for a prophylactic or therapeutic agent refers to a standard or
reference for an assay or methodology to which other conditions can be compared.

As used herein, the term "effective amount” refers to the amount of a compound which is
sufficient to reduce or ameliorate the progression and or severity of pancreatic cancer or one or
more symptoms thereof, prevent the development, recurrence or onset of pancreatic cancer or ong
or more symptoms thereof, prevent the advancement of pancreatic cancer or one or more

27



10

15

20

25

30

0.4110.472 0.417 72 0.418 0.446 0.446 0.457 0.428 0.412 0.42 0.432

0.377 66 0.485 0.49 0.522 0.539 0.551 0523 0.527 0.520 0.465 81 0.657
W@2948092866 0.659 0.705 0.66 0.672 0.666 0.611 106 0.628 OPSH(HBH97/014912

0.649 0.682 0.615 0.661 0.650 0.595 103 0.192 0.127 0.142 0.162 0.116

0.129 0.199

symptoms thereof, or enhance or improve the prophylactic or therapeutic effect(s) of another
therapy.

As used herein, the terms “"chemotherapeutic agent" refers to any compound(s) which can
be used in the treatment, management or amelioration of pancreatic cancer or one or more
symptoms thereof.

As used herein, the term "therapeutically effective amount” refers to that amount of a
therapy (e.g., a chemotherapeutic agent) sufficient to result in the amelioration of pancreatic cancer
or one or more symptoms thereof, prevent advancement of bladder cancer cause regression of
bladder cancer, or to enhance or improve the therapeutic effect(s) of another therapy (e.g.,
chemotherapeutic agent).

As used herein, the term “efficacy" refers to the effectiveness of a drug andlor.
"Chemotherapeutic efficacy” is usually measured by the clinical response of the patient who has
been or is being treated with a drug and/or agent. A drug is considered to have a high degree of
efficacy, if it achieves desired clinical results, for example, the reduction of the symptoms
associated with pancreatic cancer, a stage of pancreatic cancer, or the prevention of pancreatic
cancer progression as described in the present specification. The amount of drug absorbed may be
used to predict a patient's response. A general rule is that as the dose of a drug is increased, a
greater effect is seen in the patient until 2 maximum desired effect is reached.

As used herein, the term "level of expression” refers to the determination of the quantity of
a given nucleic acid or protein corresponding to a gene as determined by methods known to a
person skilled. In reference to RNA, hnRNA, mRNA or spliced variants of mRNA corresponding to a
biomarker of the invention, level of expression can be determined by hybridization as well as other
measurements such as quantitative real-time RT PCR, which includes use of SYBR.RTM. green,
TagMan.RTM. and Molecular Beacons technology. Note that as used herein the determination of
differential levels of expression can include a visual inspection of differences as between the
quantity of a given nucleic acid or protein, for example by analyzing the northern blot or western
blot.

As used herein, the term "selectively amplified" or "selective amplification”, refers to a
process whereby one or more copies of a particular target nucleic acid sequence is selectively
generated from a template nucleic acid. Selective ampilification or selectively amplified is to be
compared with amplification in general which can be used as a method in combination with, for
example, random primers and an oligodT primer to amplify a population of nucleic acid sequences
{e.9. MRNA). Selective amplification is preferably done by the method of polymerase chain reaction
(Mullis and Faloona, 1987, Methods Enzymol. 155:335).
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treated with 6- tocotrienol compared to vehicle or treated HPDE 6C7 cells.

FIGS. 8B-8D. MR PaCa-2, BxPc-3, and SW1990 pancreatic cancer cells

were also treated with in varying concentrations of 6-tocotrienol or 5

vehicle for 24 hours. Cells were collected and stained with Annexin

V-FITC and analyzed by flow cytometry for apoptosis. FIGS. 8B, liSC and

8D show a dose dependent induction of apoptosis in MIA PaCa 2 cells

treated with 8-tocotrienol comp ared to vehicle.
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FIGS. 13G-13J. Tocotrienol caused tumor regression at the highest dose

compared to vehicle/PBS. Accordingly, tocotrienol inhibits pancreatic

tumor growth in vivo. Putative cancer chemoprevention in plasma

and mouse tissue by HPLC-UV via vitamin E and delta-tocotrienol is

shown in FIGS. 13K and 13L. Tocotrienol was detectable in plasma and

was 25 significantly concentrated in the pancreas. Surprisingly, tocotrienol

localizes in the pancreas by a factor of 10 when compared to liver and

tumor levels. These results indicate the mechanism for tocotrienol action.
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It can be seen that delta-tocotrienol induced apoptosis of pancreatic
cancer cells likely involves modulation of the Akt signaling pathway,
Weaes¥RaHe Akt survival signaling pathway is often 5 overexBieb3&gd(py7/014912

pancreatic cancer and implicated in non-mitochondria associated

apoptosis. Deltatocotrienol suppressed the phosphorylation levels of

serine/threonine kinase Akt in vitro and in vivo. Furthermore,

overexpression of constitutively active Akt protected pancreatic cancer

cells from undergoing apoptosis after incubation with delta-tocotrienol.

Together, these data indicate that deltatocotrienol induces apoptosis in

. 0pancreatic cancer cells thro%gh activation of the caspase 8 cascade 10 .
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contrel sATRIRSf) HaieHa Y SiaricAntiagepse RemmeRt ddAvRl Rt hHTE RN RoRF K in the
subjeglogrly, theid-ontseiceainnsiakiic ndisatiup tdb paramesiics dhetaheareitsioh, eventstage of
pancrestizscd ncke drl thb subjekst. s paatisticdlighxdgmid pnat vt d it dsvpofakesitiand/or p-
MAPKCan ey Babject aataptien 16 ths ebardlysispeishenmarawe rdfaRelneds of pancreatic
ductaFedieiHeAs] dP5 eI NKlifatiafcahbis iR aaéLhas resulted in

inconclusive observations of the value of agents such as u-tocopherol,

carvkenejsaspictarmsinidartoa isierei thel mortiskEammasobiect aigscdNiohtBi8ple(s) are
knowe QXRY 6faiakRg praditiyrinaseonel iiitabiinahinethe dalngie e level of the biomarker is
deterPHRANQREEYE BHVRBES IhiskiBHes the RbRsRLANGPEARRL sHiiES 4E biomarker
is colfAEHILP At CRRC SRR BRICSo AL L RRER3hS G SERLHS RIARLY HRAGHANES the
antinS P MOBIELRRINE U LRSS/ QB! 10 RDgreg! e cancer. Ideally (ese

studies shouid confirm not on y the potent|a| for chemopreventon, but also

ANSWET RN AR RRILOP LB ARSRs ARLSCRS IS G0 Q0SRIR NRSRods.
For ofHAHRNAESnIGNBHALANES LIRS RYCCRIDAGRSS BUFIN/LRIEHER SRS whicn
oina {DBLJGGIR, 0, CANUIdALE syrogate end POl biomarkers (SEBSF o e Ll

Yarget iesion fp%ﬁwop SIOTOGy TatheT than Of TONOTerm CatdeiPh R RN APK:
and RRTSER 5 AIEERH BRSBTS VN P FRBRGontar
doublgtiradibPlifte Brorterestirtrifeties Britieteoprising pradteityRs binmetikgs specific
Primegih nWhaTEINp RSHTE RieOATker FRRAKY atineaT atrisetirely) @nplifirprdedits stranded DNA
compBpwotivditye tinsse svmtekpesuibasgoATteMAfICtod p2fe Mieomtvd, the invention
includsig) pifiemniostetacsastisgl es paraintrecpiihelinbreap aghic | Bihg . /k@EKesSto the
proteitEpYotfuats/af istadast NS GARGE bibmaRss SINGIEHA LIRS MR BHREIRLIS L3tiGe d from
the g3GPRERSIAHMGANS), dnasiugtal apillary mucinous neoplasms (IPMNSs),

and pancreatic intraepithelial neoplasia (PanIN), are the best-

chane¢iadiz ofl dEbifinngainer RIS tisgURudhe P IEFE YidhasRrieHNNStGeadily
knowme\! %m&@@ali&wmlm%ﬂ%i;&_dﬁﬂﬁ@ %}F@%fﬁ%@%‘ﬁsgf&h@§g, level
of RNESIVAPRFNAIERaSL! BRASH TS BIERRIGHah BEAGHLABVGr prevention of

pancreatic cancer. Although SEB studies are well established in the

setiingiobd b that e BaldRagitesSUrHAAHINE LRI e SHENAparent from the

foregbRid QAR REAIA I SRR P LRAUHRIL SESAPHRALS: SUSBSHIES 28 bove

constmaf@_x CWW&H{ H%&a%lﬂgg%hﬁ‘ {Pml‘ee%ugncﬁrkkgeﬂ%]n lorr?,thivrén%tlermn g qéu%&?all matters

comsPiRNEY ST bCCasE e g Tesion | ferlovell dnd s ot e
amenable 10 SubseguentIoTow-U: Howeyer Be iRy PLR gl nterprete

as ISR ERa S RITHBES 81 remove invasive and preinvasive pancreatic

lessions, provides an opportunity for short-term SEB studies. An interval
of two to four weeks is standard in most practices, hence offering a
window within which a chemoprevegjive agent can be 10 administered to
evaluate the effects of the agent on SEB modulation. The inventor's
experiments show the value of standard SEBs such as proliferation rate,
apoptosis index, and the expression of proteins (discussed below) that are
modulated by the early genetic changes in these lesions. - Inone
embodiment, the invention includes surrogate endpoint biomarkers that
were prevelant in the surgical specimens of patients who have undergone

resection of invasive ductal 15 adenocarcinomas of the pancreas
(IPMNIY Toecotriennl <irich ac G-tocotrienot from annatto hean
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utilizing an antibody which binds the biomarker. The sample containing
the biomarker is contacted with the antibody under conditions which allow
binding of the biomarker to the 20 antibody; the presence of the blomarker
can then be quantified. The invention also includes compositions
useful in performing the associated methods. For example, the invention
Includes a composition comprising a plurality of isolated proteins which
bind selectively to the protein products of the associated biomarkers; .
narhE9'sP12F SALEIBMIRERS SHMDS A3 PR acr dR asyeialeat i genere
and seeqifcte3irateinG tee LAty SermimfecoiRtle AN B8 HERE ERaitaes of the
inventteR Avhihe e o BlEdeY ief dasatirasiuBistcermRtsiRgiall pheralpteeeiioniisdhat the
inventigreimi dgandessrivetlerein each biomarker specific primer selectively
amplifies double stranded DNA complementary to a unique blomarker
such as KI-67, p-MAPK and p27. Alternatively, the invention includes a
composition comprising a plurality of isolated proteins which bind
selectively to the protein products of at least two unique biomarkers,
wherein each unique biomarker is selected from 30 the group consisting
of 11-67, p-MAPK and p27. As used herein, the term s'biomarker
refers to a gene that is differentially expressed in Individuals having
cancer, including pancreatic cancer or a stage of pancreatic cancer as
compared with those not having cancer, including pancreatic or a stage of
pancreatic cancer. The term abiomarker" can include a gene that is
differentially expressed in individuals having superficial pancreatic cancer
as compared with those not having pancreatic cancer. The term
"biomarker specific primers" as used herein refers to a set of primers
which can produce double stranded DNA complementary to a portion of
one or more RNA products of the 5 biomarker of the invention. For
example, the primers can include a first primer which is a sequence that
can selectively hybridize to RNA, cDNA or EST complementary to a
biomarker of the invention to create an extension product and a second
primer capable of selectively hybridizing to the extension product, which
are used to produce double stranded DNA complementary to a biomarker
of.the invention. 10The term, "primer’, as used herein refers to an
oligonucleotide, whether occurring naturally as in a purified restriction
digest or produced synthetically, which is capable of acting as a point of
initiation of synthesis when placed under conditions in which synthesis of
a primer extension product, which is complementary to a nucleic acid
strand, is induced, i.e., in the presence of nucleotides and an inducing
agent such as a DNA polymerase and at a suitable temperature and 15
pH. The primer may be either single-stranded or double-stranded and
must be sufficiently long to prime the synthesis of the desired extension
product in the presence of the inducing agent. The exact length of the
primer will depend upon many factors, including temperature, source of
primer and the method used. For example, for diagnostic applications,
depending on the complexity of the target sequence, the oligonucleotide
primer typically contains 15-25 or more nucleotides, although it 20 may
contain fewer nucleotides. The factors involved in determining the
appropriate length of primer are readily known to one of ordinary skill in
the art. In general, the design and selection of primers embodied by the
instant invention is according to metjjods that are standard and well
known in the art, see Dieffenbach, C. W., Lowe, T. M. J., Dveksler, G. S.
(1995) General Concepts for PCR Primer Design. In: PCR Primer, A
Laboratory Manual (Eds. Dieffenbach, C. W, and Dveksler, G. S.) 25 Cold
Spring Harbor Laboratory Press, New York, 133-155; Innis, M. A., and
Gelfand, D. H. (1990) Optimization of PCRs. In: PCR protocols, A Guide
to Methods and Applications (Eds. Innis, M. A., Gelfand, D. H., Sninsky, J.

J;, and White, T. J.) Academic Press, San Diego, 3-12; Sharrocks, A. D.
(1004 The decian of nrimeare for PCR Int PCR Technoloayy Cirirrent
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chemotherapeutic agent being tested. After the chemotherapeutic agent

has been administered, a second level of the surrogate endpoint

biomarker Is taken and compared 15 to the first (pre-treatment) level. The

candidate chemotherapeutic agent demonstrates effectiveness where the
Wisedeoohitpesistreatment) levels p27 are increased to a statistically

significant degree over the pre-treatment and/or control levels. In

anote¢ eMmbestiipesitidhednyeRinProtRe e mrthaghahoetepinimoaat for

effectives of a chemaotherapeutic agent bésfurther determining, in the

isolafiéRAMIVE st RIEM3FeHdetloltd D6 BURIBRYAE RndfbiREBiohiaIaraic
such as &i-Grhansiofe-MAPK Eé%ﬁh‘ﬁ’é@&ﬁ?ﬁ@&%%@@&”& ha3s&ifion
administered, a second level of K1-62 and/or p-MAPK is taken and
compreirgi st gheafir iqapsuseatheneffiesivlcanaisatcovitrol. Theotimgidated a
chemotherapeutic agent demonstrates effectiveness where the, second.
(ot eanp Bt SHECLYG RO & RBIOUS RS ey WRekein. the
statisiieatiysipisifickotedegoae thelaouih eopsestitgathgnh aacaoadsniobhnd delta-
levels. 25Another embodiment %f the inventign includes mete%d of
screlMg e paRtraaaE g %*ﬁ%%%%%ésof%sﬂe fE hR EpUp

in a sHijREL P HeIRIMIINING a8HGNAS. In an isolated sample, the level of a
biomarker; namely, p27. The level of the biomarker is then compared to a
corresponding control level In one or more control samples. In a preferred
emBbdimsntofheleontrol shenglesharecompapiddifrasn swtitaalials iiso rdvelpha-
be(Ce0 r(iigr}gf%am%gtgl_ (t) Ct(())trriléa}lv pancreatic ductal 30 carcinoma, or a stage
otfopancreatlc cancet. he determination of a statistically significant
increase between the level of the biomarker in the subject and the lever of
the ibenarker icldfie contiegtipamplal@bisincicativieahtfialladkesfof at least one
pancreatic ductal carcinoma, or a stage of pancreatic cancer in the

subjiOtcakistenigsidramtaie d8EPERsEIRSHEvRl ot pberiprataenol, beta-
subj%&gm%@c&%mg_{gy&h%gﬂe biomarker in the control sample(s),

indicates the presence of pancreatic ductal carcinoma, or a stage of

pﬂ”%ﬁ@ﬂ&%‘fﬁﬂq Wﬁe?émjﬁfétcompomiﬂﬂ i@lg‘ﬁm@iﬁi Qé'@%tc rols.

level of a second biomarker, namely 11-67 and/or pMAPK, is determined

d r | -6.(- - i r
i B S R L A e ana
11-6308magan@ideBK in the subject and the control sample(s) is indicative
of pancreatic ductal carcinoma, or a stage of pancreatic cancer in the
stibjétt Wsstattistioalll significaht dearsase mnbe eveinofehticcduarat arcinoma,
pPMAPK in the subject, compared to the control sample(s), is indicative of
the 196k BEEAREAHEWI &I Carcinoma, or a stage of pancreatic cancer in
the subject. 10Methods of determining the level of the biomarker in the .

sUbjdEf 458 ebAEBNshiPREYY Hre WG osther BrHAR, PragifiBrignsisting of
(nonﬁlﬁ@l@s‘)@@/ﬁl?'&t’@‘ﬁéﬁ _ Ss_iﬁﬂ)% '_%Y%Ja‘ﬁ%%@zﬁi@rgﬁﬁ@éi‘ein@ subjects with
determined utilizing an antibody which binds the biomarker. The sample
contBipMsgpiaetisilsiaiker Is contacted with the antibody under conditions
which allow binding of the biomarker to the antibody; the presence of the
bormidrkescah dhen Bevharamifie prBTeRdshieiomaiso sakicigédrom the group
com (())rfcéjlti ns u guh{p ﬁﬁ\qﬁrgﬁi& @ﬁ_assogiqted methogls. qu example,

the invention inclides’ a composition comprising a plurality of isolated
proteins which bind selectively to the protein products of the associated
biomarkers; namely, 11-67 and/or p-MAPK, and p27. In a preferred
embodiment, the isolated proteins selectively amplify complementary

double stranded DNA. A composition is also included comprising a

plurality of biomarker specific 20 primers, wherein each biomarker specific
primer selectively amplifies double stranded DNA complementary to a
unique biomarker such as Ki-67, p-MAPK and p27. Alternatively, the
invention includes a composition comprising a plurality of isolated proteins

which bind selectively to the protein products of at least two unique
hinmarkere wherein each 1iniadiie hinmarker ic calacted from the Arolin
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